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HOMOGENEOUS ASSAY SYSTEM 

ITiis invention relates generally to tifae field of nucleic add cheinistiy. More 
^dfically, it relates to the use of the 5' to 3' nuclease activity of a nucleic acid 
polymerase to degrade a labeled oligonucleotide in a hybridized duplex coniposed of the 
5 labeled oligonucleotide and a target oligonucleotide sequence and form detectable 
labeled fragments. 

fovestigational tmcrobiological techniques are routinely applied to diagnostic 
assays. For example, U.S. Patent No. 4,358,535 discloses a method for detecting 
pathogens by spotting a sample (eg., blood, ceDs, saliva, etc.) on a filter (e.g., 
10 nitrocelluiose), lysing the cdls, and fixing the DNA through chemical denaiuiation and 
heating. Then, labeled DNA probes are added and allowed to hybridize with the fixed 
sample DNA, hybridization indicating die presence of the pathogen's DNA. The 
sample DNA in this case may be amplified by culturing the cells or organisms in place 
on die filter. 

15 A significant improvement in DNA amplification, die polymerase chain reaction 

(PGR) technique, is disclosed in U.S. Patent Nos. 4,683,202; 4,683,195; 4.800,159; 
and 4,965.188. In its sinrplest form, PGR is an in vitro method for the enzymatic 
synthesis of specific DNA sequences, using two oligonucleotide primers that hybridize 
to apposite strands and flank the region of interest in the target DNA. A repetitive 

20 series of reaction steps involving template denaturation, prnncr annealing, and the 
extension of the annealed primers by DNA polymerase results in the exponential 
accumulation of a specific fiagment whose termini are defined by die 5' ends of the 
primers. PGR is capable of producing a selective enrichment of a specific DNA 
sequence by a factor of 109. The PGR method is also described in Saiki EtM-. 1985, 
25 Science 230 :1350, 

Detection methods generally employed in standard PGR techniques use a 
labeled probe with die amplified DNA in a hybridization assay. For exanqilc, EP 
Publication No. 237,362 and PCT Publication No. 89/11548 disclose assay mediods 
wherein the PCR-amplified DNA is first fixed to a filter, and tiien a specific 

30 oligonucleotide probe is added and allowed to hybridize. Preferably, die probe is 
labeled, e.g., with 32p, biotin, horseradish peroxidase (HRP), etc., to allow for 
detection of hybridization. The reverse is also suggested, tiiat is. the probe is instead 
bound to die membrane, and the PCR-amplified sample DNA is added. 

Otfier means of detection include the use of fragment length polymorphism 

35 (PGR-FLP), hybridization to allele-specific oligonucleotide (ASO) probes (Saiki SL M-. 
1986, Namrp 2^- 163), or direct sequencing via tiie dideoxy metiiod using amplified 
DNA rather dian cloned DNA. The standard PGR technique operates essentially by 
replicating a DNA sequence positioned between two primers, providing as die major 
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product of the reaction a DNA sequence of discrete length terminatmg with the primer at 
the 5' end of each strand. Thus, insotions and deletions between the priniers result in 
product sequences of different lengths, which can be detected by sizing the product in 
PCR-ELP. In an exanctple of ASO hybridization, the arnplified DNA is fixed to a nylon 
5- filler (by, for example, UV irradiation) in a series of "dot blots", then allowed to 

hybridize wifli an oligonucleotide probe labeled with HRP undCT stringCTt conditions. 
After washing, tetramethylbeaizidine (TMB) and hydrogen peroxide are added: HRP 
catalyzes the hydrogen peroxide oxidation of TMB to a soluble blue dye tiiat can be 
precipitated, indicating hybridized probe. 

10 While die PGR technique as presentiy practiced is an extremely powerful 

method for amplifying nucleic add sequences, die detection of the amplified material 
requires additional manipulation and subsequent handling of the PGR products to 
detenrdnewhetiiartiie target DNA is present It would be deshable to decrease the 
number of subsequent handling stqps currendy required for the detection of atrqjlified 

15 material- A "homogeneous" assay system, that is, one which generates signal while the 
target sequence is amplified, requiring Tntnimal post-amplification handling, would be 
ideal. 

Hie presKit invention provides a process for the detection of a target nucleic 
acid sequence in a sarnple, said process comprising; 

20 (a) contacting a sanq)le com|msing single^strandcd nucleic acids with an 

oJigonucleotide ocmtaining a sequence cona^ementary to aregion of the target nucleic 
arid and a labeled oligonucleotide containing a sequence coii5)lOTientary to a second 
region of the same target nucleic acid strand, but not including the nucleic acid 
sequence defined by the first oligonucleotide* to create a rrnxture erf duplexes during 

25 hybridization conditions, wherein the duplexes comprise the target nutdeic acid 

annealed to the first oligonucleotide and to flie labeled oligonucleotide such that the 3' 
end of the first oligonucleotide is adjacent to the 5' end erf the labeled oligonucleotide; 

(b) maintaining die mixture of step (a) with a template-dependent nucldc add 
pdymeiase having a 5' to 3' nuclease activity under conditions sufficient to permit the 

30 5* to 3' nuclease activity of the polym^se to cleave the annealed, labeled 
oligonucleotide and release labeled firagments; and 

(c) dctectingand/ormeasuring the rdease of labeled fragments* 

This process is espedally suited for analysis of nucleic arid aniplified by PGR. 
This process is an improvement over known PGR detection metiiods because it allows 
35 for both amplification of a target and the release of a label for detection to be 

accorriplished in a reaction system without resort to multiple handling steps of the 
amplified product. Thus, in anotiier embodiment of the invention, a polymMase chain 
reaction an:5)lification method for concunent amplification and detection of a targa 
nucleic add sequence in a sample is provided- Hiis method oompiises: 
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(a) providing to a PGR assay containing said sample* at least one labeled 
oligonucleotide containing a sequence complementary to a region of the taiget nucleic 
add, wherein said labeled oligcHiucleodde anneals within the target nucleic acid 
sequence bounded by the oligonucleotide primers of step (b); 
5 (b) providing a set of oligonucleotide primers, wherein a first primer contains 

a sequence ccm^lementaiy to a region in one strand of the target nucleic acid sequence 
and primes the synthesis of a complementary DNA strand* and a second primer 
contains a sequence complementary to a region in a second strand of the target nucleic 
add sequence and primes the synthesis of a complementary DNA strand; and whcrdn 
10 each oligonucleotide primer is selected to anneal to its complementary tonplate 
upstream of any labded oligonucleotide annealed to the same nucldc add strand; 

(c) amplifying the target nucldc acid sequence employing a nucleic add 
polymerase having 5' to 3' nuclease activity as a template-dependent polymerizing 
agent under conditions which arc pcmiissive for PGR cycling steps of (i) annealing of 

1 5 primers and labded oligonucleotide to a template nucleic acid sequence contained within 
the target region, and (ii) extending the primer^ wherein said nucldc acid polymerase 
synthesizes a prima* extension product while the 5' to 3" nuclease activity of the nucldc 
add polymerase simultaneously releases labded fragments from the annealed duplexes 
conqjrising labded oligonucleotide and its coniplemaitary template nucldc add 

20 sequeiKes, thneby creating detectable labeled fragments; and 

(d) detecting and/or measuring the rdease of labded fragments to determine 
the presence or absence of target sequence in the sample. 

Figure 1 is an autoradiograph of a DEAE cellulose thin layer chromatography 
(TLC) plate illustrating die release of labded fragnocnts from cleaved probe* 
25 Hgme 2 is an autoradiograph of DEAE cellulose TLC plates illustrating the 

thermostability of the labeled probe. 

Figures 3A and 3B are autoradiographs of DEAE cellulose TLC plates showing 
that the amount of labeled i^obe fragment rdeascd correlates with an increase in PCR 
cycle numbo- and starting template DNA conocntration- 
30 Rgure 4 illustrates the polymerization independeiu 5 - 3' nuclease activity of 

Jaa DNA polymerase shown in tiie autcwadiograph using a series of primers which 
anneal from zcto to 20 nucleotides upstream of the probe. 

Figure 5 is an autoradiograph showing the rdease of labeled probe fragments 
under incieasinr. incubation tenqjeratures and time* wherein the composition at the 5* 
35 end of the probe is GC rich. 

Figure 6 is an autoradiograph showing the rdease of labded probe fragments 
under increasing incubation temperatures and time, wherein the composition at the 5' 
end of the probe is AT rich. 
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Kgme 7 provides 5% acrylamide electropiiOTesis gel analysis of a 142 base pair 
mV product, amplified in the presence or absence of labeled probe. 

Figure 8 is a composite of two aatoradiographs of TLC analysis of ajiquots of 
PGR amplification products wMch show that radiolabel release occurs and increases in 
5 amount with both increases in statting template and with longer fliCTnocyciing. 

Figure 9 is a schematic fior a teacdtm in which an NHS-active ester derivative of 
biotin is added to the 3 '-amine of an oligonucleotide probe. 

Figure 10 is a schCTaatic for a reaction in which a hiotin hydrazideis used lo 
label an oligonucleotide probe that has a 3'-ribonucleotide- 
10 Figi:^ 1 1 is a schematic fiir labeling an oligonucleotide probe with biotin using 

a biotin phosphoiamidite. 

Figure 12 shows a reagents for labeling oligonucleotide probes with biotin. 

Figure 13 shows an oligraucleodde probe labeled with rhodamine-X-590 and 
crystal vioieL 

15 Kguie 14 shows a schematic for a reaction to genOTte an active acyl azide of 

crystal violet 

Figure 15 shows a schematic for areaction to add an amine to a thymidine for 
use in conjugating a label to an oligonucleotide probe. 

Figure 16 shows igqiical results and relation of signal to input target number for 

20 the present method using Bak3ffl-bond™ PEI solid phase extractant 

As used haein, a *'sample" xefcrs to any substance containing orjiresumed to 
contain nucleic add and includes a sample of tisaie or fluid isolated from an individual 
or individuals, including but not limited to, for example, skin, plasma, serum, spinal 
fluid, lymph fluid, synovial fluid, urine, tears, blood ceUs, organs, tumors, and also to 

25 samples of in vitro cell culture constituents (including but not limited to conditioned 
medium resulting from the growth of cells in cell culture medium, reccmhinant ceUs 
and cell components)* 

As used herein, the temis "nucleic acid", "polynucleotide" and 
"ohgonucleotide" lefCT to primers, probes, oligomer fragments lobe detected, oligomer 

30 controls and unlabeled blocking oligomers and shall be generic to 

polydeoxyrifaonucleotides (containing 2-deoxy-D-ribose), to polyribonucleotides 
(containing D<^ribose), and to any other type of polynucleotide which is an N-glycoside 
of a purine or pyrimidine base» or modified purine or pyrimidine bases. There is no 
intended distinction in length between the tenn "nucleic acid", "polynucleotide" and 

35 "oligonucleotide", and these terms wili be used interchangeably, Tliese terms refer 
only to the primary structure of the molecule, Hius* these temis include double- and 
single-stranded DNA, as well as double- and single-stranded RNA. The 
oligonucleotide is comprised of a sequence of ^proximately at least 6 nucleotides, 
pi^CTably at least about 10-12 nucleotides, and more prdBaably at least about 15-20 
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nucleotides canesponding to a region of the designated nucleotide sequence. 
"Correqwnding" means identical to or cmnplcmcntary to the designated sequence. 

Tlie oligonucleotide is not necessarily physically derived from any existing or 
natural sequence but may be generated in any manner, including chemical synthesis, 
5 DNAreplicadon. reverse transcription or a combination thereof. The terms 

"oligonucleotide" or "nucleic acid" intend a polynucleotide of gencmiic DNA or RNA, 
cDNA, semisynthetic, or synthetic origin which, by virtue of its origin or manipulation: 
(1) is not associated with all or a portion of the polynucleotide with which it is 
associated in nature; and/or (2) is linked to a polynudeotide other tiian that to which it is 
10 linked in nature; and (3) is not found in nature. 

Because mononucleotides are reacted to make oligonucleotides in a manner such 
that the 5' phosphate of one mononucleotide pentose ring is attached to the 3' oxygen 
of its neighbor in one direction via a phosphodiestff linkage, an end of an 
oligonucleotide is lefisned to as the "5' end" if its 5' phosphate is not linked to the 3" 
15 oxygen of a mononucleotide pentose ring and as the "3' end" if its 3' oxygen is not 

linked to a 5' phosphate of a subsequent mononucleotide pentose ring. As used herein, 
a nucleic acid sequence, even if internal to a larger oligonucleotide, also may be said to 
have 5' and 3' ends. 

When two diffefent» non-ovCTlapping oligOTucleotidcs anneal to different 
20 regions of the same linear complementary nuclek; acid sequence, and the 3' end of one 
oligonucleotide points toward the 5' end of the other, the former may be called the 
"upstream" oligtaiuclcotide and die latter the "downstream" oligonucleotide. 

The term "primer" may refer to more than one primer and refers to an 
oligonuclccrtide, whether occuning naturally, as in a purified restriction digest, or 
25 produced synthetically, which is capable of acting as a point of initiaticm of synthesis 
along a complementary strand when placed undo: conditions in which synthesis of a 
primer extension product which is compiementaiy to anudeic acid strand is catalyzed. 
Such conditions include the presence of four different deoxyribonucleoside 
triphosphates and a polymcrization-indudng agent such as DNA polymerase or reverse 
30 transcriptase, in a suitable buffer ("buffer" includes substituents which are cofactors, or 
which affect pH, ionic strengtii, etc.)* and at a suitable tcmpearature. The primer is 
preferably single-stranded for maximum efficiency in amplification. 

The complement of a nucleic acid sequence as used herein refers to an 
oligonucleotide which, when aligned with the nucleic acid sequence such Ln; t the 5' end 
35 of one sequence is paired with the 3' end of the other, is m "antiparallel association-" 
Certain bases not commonly found in natural nucleic adds may be included in the 
nuclac adds of the present invention and include, for example, inosine and 
7-deazaguanine- Oomplementarity need not be perfect; stable duplexes may contain 
mismatched base pairs or unmatched bases. Those skilled in the art of nucleic acid 



92/02638 PCr/US91/a5S71 



technology can detennine duplex staMllly en^irically considering a number of variables 
including, fisr example, the length of the oligonucleotide, base composition and 
sequence of the oligonucleotide, ionic strength, and incidence of mismaKhed base 
pairs. 

5 Stability of a nucleic acid duplex is measured by the melting temperature, or 

"Tm." The Tn, of a particular nucldc add duplex under spedfied conditions is the 
temperature at which half of the base pairs have disassodated. 

As used heidn, the term "iaiget sequence" or "target nuddc add sequence" 
refers to a region of the oligonucleotide which is tt) be either amplified, detected or 
10 both. The target sequence resides between the two primCT sequences used for 
amplification. 

As used herein, the term "probe" refers to a labeled oligonucleotide which 
forms a duplex stracture with a sequence in the target nucleic add, due to 
con^iememarity of at least one sequence in the probe with a sequence in the target 

15 region. The probe, preferably, does not contain a sequence complementary to 

sequence(s) used to prime the polymerase chain reaction. Generally the 3' terminus of 
the probe will be "btocted" to prohibit inoorporation of the probe into a primer 
extension product 'blocking" can be achieved by usmg non-complementary bases or 
by adding a chCTncal moiety such as biotin or a phosphate group to the 3' hydroxyl of 

20 the last nucleotide, which may, depending uprai the selected moiety, serve a dual 

purpose by ako acting as a hibel for subsequent detection or capture of the nucldc acid 
attached to the labd. Blocking can also be achieved by removfaig the 3*-OH or by 
using a nucleotide that lacks a 3'-OH such as a dideoxynudeotide. 

The term "labd" as used herein refers to any atom or molecule which can be 

25 used to provide a detectable (prefmbly quantifiable) signal, and which can be attached 
to a nucleic add of protein. Labds may provide signals detectabte by fluorescence, 
radioactivity, coiorimetry, gravimetry, X-ray dif&action or absorption, magnetism, 
enzymatic activi^, and the like. 

As defined herein, "5' 3" nuclease activity" or "5' to 3' nuclease activity" 

30 refers to tiiat activity of a tenqilate-specific nuddc acid polymerase including dtha- a 
5' -> 3' exonuclease activity traditionally associated with some DNA polymerases 
whereby nudeotides are removed from the 5' end of an oligonucleotide in a sequential 
manner, (ie., £. 2^ DNA polymerase I has this activity whereas the Klenow fragment 
does not), or a 5' -> 3' endonuclease activity wherein clea>mge occurs more than one 

35 phosphodiester bond (nucleotide) from the 5' end, or both. 

The term "adjacent" as used herein refers to die positioning of the primer with 
respect to the probe on its compleraeffltary strand of the tetr^late nuddc add. The 
primer and probe may be separated by 1 to about 20 nucleotides, more preferably, 
about 1 to 10 nucleotides, or may directiy abut one another, as may be desirable for 
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detection with a polymerization-independent process. Alternatively, for use in the 
poljrmmzadon-dependem process, as when the presmt method is used in the PCR 
amplificadon and detection methods as taught herein, the "adjacency" may be anywhere 
within the sequence to be anq)lified, anywhere downstream of a primer such that primer 
5 extension will position the polymerase so that cleavage of the probe occurs. 

As used hexein, the temi "thenxiostaUe nucleic add polymerase" r^ers to an 
enzyme which is relatively stable to heat when conipared, for example, to nucleotide 
polymerases fixnnE. £Qti and which catalyzes the polymerization of nucleoside 
triphosi^iates. Generally, the enzyme will initiate synthesis at the S'-end of the primer 
10 annealed to the tar^t sequence, and will proceed in the 5'-<]irection along the template, 
and if possessing a S' to 3' nuclease activity, hydiolyzing intervening, annealed probe 
to lelease both labeled and unlabeled probe fragments, until synthesis tenminates. A 
leprescntative thermostable enzyme isolated firam Themius aquaricus (Tag) is described 
in U,S- Patent No. 4,889,818 and a method for using it in conventional PCR is 
15 described in Saiki ££ al„ 1988, Science 239:487, 

Jaa DNA polymerase has a DNA synthesis-dependent, suand rcplacanent 
5-3' exonuclease activity (see Gelfand, "liaDNA Polymerase" in PCR Technolngyr 
PringjplCS and Apnlicarions for DNA Amnlification. £rUch, Ed., Stockton Press. N.Y. 
(1989), Chapter 2). In solution, there is little, if any, degradation of labeled 
20 oligonucleotides. 

The practice of the present invention will employ, unless otherwise indicated, 
conventional techniques of molecular biology, nucrobiology and recombinant DNA 
techniques, which are within the skill of the art. Such techniques are explained fully in 
the literature. See, e,g.. Sambrook^ Ritsch & Maniaris, Molecular Cloqin g ; A 
25 ?:^bOTatorV Manualt Second Edition (1989); Oligonucleotide Synthesis (M J, Gait, ed., 
1984); Nucleic Acid Hvhridizarion (B,D. Hames & S J- Higgins, eds„ 1984); A 
Practical Guide to Molecular aoninp (B. Pterbal, 1984); and a series, Mediods in 
Enzvmologv (Acadraiic Press, Inc.). AB patents, patent applications, and publications 
mmtioned herein, both sigzia and infm. are hereby incorporated by lefeience. 
30 The various aspects of the invention are based on a special property of nucleic 

acid polymerases. Nucleic add polymerases can possess several activities* among 
them, a 5' to 3' nuclease activiQr whereby the nucleic acid polymerase can cleave 
mononucleotides or small oligonucleotides &om an oligonucleotide annealed to its 
larger, complementary polynucleotide. In order for cleavage to occur efEcientiy, an 
35 upstream oligonucleotide must also be annealed to itz same larger polynucleotide. 

The 3' end of this upstream oligonucleotide provides the initial binding site for 
the nucleic acid polymerase. As soon as the bound poljrmerase encountras the 5* end 
of the downstream oligonucleotide, the polymoase can deave mononucleotides or 
small oUgonudeotides there&Dm* 
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The two oligonucleotides can be designed such that they anneal in dose 
proximity on the completnentaiy target nudcic acid such that buiding of the nucleic acid 
polymerase to the 3' end of the upstream oligonucleotide automatically puts it in contact 
with the 5' end of the downstream oligonucleotide. This process, because 
5 polymerization is notrequired to bring the nucleic acid polymestase into position to 
accomplish the cleavage, is called "polymerizatiDn-independent cleavage." 

Alternatively, if the two oligonucleotides anneal to more distantiy spaced 
regions of tiie template nucleic acid target, polymerization must occur before the nucleic 
acid polymerase encounters the 5' end of the downstream oligonucleotide. As tiie 

10 polymerization continues, die polymerase progressively cleaves mononucleotides or 
small oH^nudeotides from the 5' end of the downstteam digonucieotide. This 
cleaving continues until the remainder of tiie downstream oligonucleotide has been 
destabilizBd to the extant that it dissodates from tiie template molecule. This process is 
called **polymetization-d^ndent cleavage." 

15 In the present invention, a labd is attached to die downsueam oligonucleotide. 

Hius, the cleaved mononucleotides or small oligonucleotides which are cleaved by tiie 
5'-3' nuclease activity of tfie polymerase can be detected. 

Subsequentiy, any of several strategies may be employed to distinguish the 
uncleavedlabdedoK^nudeotideftom tiie cleaved fraginentstiMieof. In this manner, 

20 tiie present invention permits identification of those nucleic acid samples wMcfa contain 
sequences complementary to the upstream and downstream oMgonudeotides. 

The present invention exploits this 5' to 3' nuclease activity of the polymerase 
when used in conjunction with PCR. This differs from previously described PGR 
ainplification wheieiin tiie post-PCR anq>lified target oKgonudeotides are detected, for 

25 example, by hybridization witii a piobe which forms a stable duplex with tiiat of the 
target sequence under stringent to moderatdy stringent hybridization and wash 
condttions. In contrast to those known detection methods used in post-PCR 
amplifications, the present invention pennits the detection of the target nucleic add 
sequences during an5>lification of this target nudeic add. In the present invention, a 

30 labeled oligonudeotide is added concomitantiy with the prima- at the start of PGR, aiul 
the signal generated from hydrolysis of the labded nudeotide(s) of tiie probe provides 
a means for detection of the target sequence during its amplification. 

The present invention is oomp^ble, however, witii other amplification 
systems, such as the transcription amplification system, in which one of die PGR 

35 primers encodes a promotCT that is used to make RNA copies of the target sequence. In 
similar fashion, the present inventiwi can be used in a self-sustained sequence 
replication (SSR) system, in which a variety of enzymes are used to make RNA 
transcripts that are then used to make DNA copies, all at a sin^e temperature. By 
incorparating a polymerase with 5' 3' exonudease activity into a ligase chain 
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reaction (LCR) system, together with appropriate oligonucleotides, one can also 
en^loy the present invention to detect LCR products. 

Of course, the present invention can be applied to systenas that do not involve 
amplification. In fact, the present invention does not even require that polymerization 
5 occur. One advantage of the polymerization-^independent juocess lies in the elimination 
of the need for amplification of the target sequence. In the absence of primer extension, 
the target nucleic acid is substandally single-stranded. Provided the primer and labeled 
oligonucleotide are adjacently bound to the target nucleic add. sequential rounds of 
oUgonucleotiide annealing and cleavage of labeled fragments can occur. Tlius, a 

10 sufficient amount of labeled fragments can be generated, making detection possible in 
the absence of polymerization. As would be appreciated by those skilled in the art, the 
signal generated during PCR amplification could be augnwnted by this 
polymerization-independent activity. 

In either process described herein, a sample is provided which is suspected of 

15 containing the particular oligonucleotide sequence of interest, the *'taiget nucleic add*'. 
The target nuddc add contained in the sample may be first reverse transcribed into 
cDNA, if necessary, and then denatured, using any suitable denaturing method^ 
induding physical, chemical, or enzymatic means, which are known to those of skill in 
the art A preferred physical means for strand separation involves heating the nuddc 

20 add until it is completely (>99%) denatured. Typical heat denaturation involves 

temperatures ranging from about SO'C to about 105X, for times ranging from a few 
seconds to minutes. As an alternative to denaturation, the target nucldc add may exist 
in a sin^e-stranded fonn in the sample, such as, for example, single*stranded RNA or 
DNA viruses. 

25 The denatured nucleic add strands are thm incubated with presdected 

oligonucleotide primers and labeled oligonucleotide (also referred to herein as "probe") 
under hybridization conditions, conditions which enable the binding of the primers and 
probes to the single nudeic acid strands. As known in the art, the primers are selected 
so that their relative positions along a duplex sequence are such that an extension 

30 product synthesized from one primer, when the extension product is separated fixnn its 
template (complement), serves as a template for the exraision of the other primer to 
yidd a repUcate chain of defined length. 

Because the complementary srrmds are longer than dtfaer the probe or primer, 
the strands have more points of conia^i and thus a greater chance of finding each other 

35 over any given praiod of time. A high molar excess of probe, plus the primer, helps tip 
the balance toward primer and probe annealing rather than template reannealing. 

The primer must be sufBdently long to prime the synthf!sis of extension 
products in the presence of the agent for polymerization. The exact length and 
ccHnposition of the primer will depend on many factors, induding temperature the 
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anneaiing reaction, source and composition of the primw, proximity of the probe 
annealing site to the piimer annealing site, and ratio of primeninobe concentration. For 
example, depending on the complexity of the target sequence, the oligonucleotide 
primer typically contains about 15-30 nucleotides, aldiough a primer may contain more 
5 or fewer nucleotides. The primers must be suffideittly conqjiementa^ 
their reflective strands selectively and form stable duplexes. 

The primers used herefai are selected to be "substantially" complementary to the 
diffraentstrandsof each specific sequence to be amplified. The primers need not 
reflect the exact sequence of the teiriplate, but must be sufiSciently cooiplementary to 

10 hybridize selectively to then: respective strands. Non-complementary bases or longer 
sequences can be int er spersed into the primer or located at the ends of the primer, 
provided the primer retains sufficient complranentarity with a template strand to form a 
stable duplex therewith. The non-complementary nucleotide sequences of the primers 
may include restriction enzyme sites. 

15 In die practice of the invention, the labeled oligonucleotide probe must be first 

annealed to a complementary nucleic add before the nucleic acid polymerase encounters 
this duplex region, thCTeby permitting the 5' to 3* nuclease activity to cleave and release 
labeled oligonucleotide fiagments. 

To enhance the likelihood that the labeled oligonucleotide will have annealed to 

20 a con^lementaty nucldc acki before ]nimer extension polymerization reaches this 

diq}Iex region, or before the polymerase attaches to the upstream oligonucleotide in the 
polymerization-independent process, a variety of techiuques may be eniployed. For the 
polymerization-depmdent process, one can position the probe so that the S**eiul of the 
probe is relatively far fit>m the 3'-end of tfaeprimer* thereby giving the probe more time 

25 tt> anneal before primer extension blocks the probe binding site* Short piimer 
molecules generally require lower temperatures to form sufficiently stable Ityhrid 
conq>lexe5 willi the target nucleic acid. Thraefere^ the labeled oligonucleotide can be 
designed to be longer than the primer so that the labeled oligonucleotide anneals 
preferentially to the target at higher temperatures relative to prinn^ annealing. 

30 One can also use prim^ and labeled oUgonucieotides having diKenential 

thermal stability. For exan^le, the nucleotide composition of the labded 
oligonucleotide can be chosen to have greater G/C content and, consequenti^y, greater 
thermal stability than the primer. In similar fashion, one can incorporate modified 
nucleotides into the probe, which modified nucleotides contain base analogs tbat form 

35 more stable base pairs than the basesthat are typically present in naturally occurring 
nucleic acids. 

Nfodifications of the probe that may faidlitate probe binding prior to primer 
binding to maximize the efficiency of the present assay include the incorporation of 
positively charged or neutral phosphodiester linkages in the probe to decrease the 
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repulsion of the polyanionic backbones of the probe and target (see Letsingcr al,, 
1988^ I. Ams- ChOQ. 11^2:4470); the incoipCHation of alkylated or halogenaied 
bases, such as 5-hromouridine, in the probe to increase base stacking; the incorporation 
of ribonucleotides into the probe to force the probertaiget duplex into an "A" structure, 
5 which has increased base stacking; and the substitution of 2,6Kiiaminopurine (amino 
adenosine) for some or all of ttie adenosines in the probe* In preparing such modified 
probes of the invention, one should lecognize tiiat flie rate limiting step of diqilex 
foncnaiion is "nudcation/* the formation of a single base pair, and therefore^ altering the 
biophysical characteristic of a portion of the probe, for instance, only the 3' or 5' 
10 terminal portion, can suffice 10 achieve the desired result In addition, because the 3' 
terminal portion of the probe (the 3 * terminal 8 to 12 nucleotides) dissociates following 
exonucleasc degradation of the 5* terminus by the polymerase, modifications of the 3' 
terminus can be made without concern about in toference with polymerase/nuclease 
activity* 

15 The themmcycling parametCTS can also be varied to take advantage of the 

diffcaiential tiiermal stability of the labeled oligonucleotide and primcn For example, 
following the denaturation step in thcimocycling, an intermediate traipcrature may be 
introduced which is pcimissiWe for labeled oligonucleotide binding but not primer 
binding, and then the temperature is further reduced to permit primer annealing and 

20 extension. One should note, howevCT, tfiat probe cleavage need only occur in later 
cycles of the PGR process for suitable results. Thus, one could set up the reaction 
mixture so tiiat even though primers initially bind prcferentiaUy to probes, primer 
concenttation is reduced tiirough primer extension so fliai, in later cycles, probes hind 
preferentially to primors. 

25 To favor landing of the labeled oligonucleotide before the primer, a high molar 

excess of labeled oligonucleotide to primer concentration can also be used In this 
embodiment, labeled oligonucleotide concentrations are typically in tfie range of about 2 
to 20 times higher than the respective primer concentration, which is generally 
0,5 - 5 X 10-7 M, Those of skill recognize tiiat oligonucleotide concenttation, lengtii, 

30 and base composition arc each important factors that affect the T^ of any particular 

oUgonucleotide in a reaction mixture. Each of these factors can be manipulated to create 
a thermodynamic bias to favor probe annealing ovct primer annealing. 

The oligonucleotide primers and labeled oligonucleotides may be prepared by 
any suitable method. Methods for preparing oligonucleotides of specific sequence are 

35 known in the art, and include, for example, cloning and restriction of apprtjpriate 

sequences and direct chemical synthesis. Chemical syntiiesis metiiods may include, for 
example, the phosphotriester method described by Narang £t al- 1979, Methods in 
EnzymolQey6&:90, the phosphodiester metfiod disclosed by Brown a ai-, 1979, 
MptfrodS in Ensymoloey I09, tiie diethylphosphoramidate metiiod disclosed in 
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Beaucage fil fll-* 1981, Tetrahedron Letters 22: 1859, and the solid support method 

disclosed in U.S. Patent No, 4,458,066, 

The compositioii of the labeled oKgonucleotide can be designed to fevor 

nuclease activity over strand displacement (mono- and dinucleotide fragments over 
5 oligonucleotides) by means of choice of sequences that are GC-rich or that avoid 

sequential A's and T's and by choice of label position in the jffobe. In the presence of 

AT-rich sequences in the 5" COTiplementaiy probe region, cleavage occurs after the 

approximately fourth, fifth or sixth nucleotide. Howcvct, in a GC-rich 5' 

complementary probe region, cleavage generally occurs after the first or second 
10 nucleotide. Alternatively, the incorporatioii of modified phosphodiester linkages (e,g., 

phosphOTothioate or methylphosphonates) in the labeled probe during chemical 

synthesis (Noble ^ al-* 1984, fillS Acids SSS 12:3387-3403; Iyer et 1990, J. Am. 

Chem . Sq£. 112:1253-1254^ may be used to prevent cleavage at a selected site. 

Depending on the length of the probe, the composition of the 5' complementary region 
15 of the probe, and the position of the label, one can design a probe to favor preferentially 

the generation of short or long labeled ^be fragments for use in the practice of the 

invention. 

The oligonucleotide is labeled, as described below, by incorporating mcrieties 
detectable by spectroscopic, photocheimcal, biochemical, immunochemical, or chemical 
20 means, Tliemethodof linkingOTCoriJugatingthe label to the oHgora 

depends, of course, on the type of label(s) used and the position of the label on the 
probe, 

A variety of labels that vrould be appropriate for use in the invention, as well as 
methods for their inclusion in the probe, are known in the ait and include, but are not 

25 limited to, enzymes (e.g., alkaline phosphatase and horseradish peroxidase) and 
en^^e substrates, radioactive atoms, fluorescent dyes, chromophores, 
chemiluminescmt labels, electrochermluminescent labels, such as Qrigen™ Ogen), 
ligands having specific binding partnras, ot any other labels that may interact with each 
other 10 enhance, alter, or diminish a signal. Of course, should the PGR be practiced 

30 using a thomal cycler instrmnent, the label roust be able to survive the temperature 
cycling required in this automated process. 

Among radioactive atoms, B^E is prefiMied. Methods for introducing 32p into 
nucleic adds are known in the art, and include, for exaniple, 5' labeling with a kinase, 
or random insertion by mck translation. Enzymes are typically detected by their 

35 activity- "Specific binding partner" refers to a protein capable of binding a ligand 
molecule with high specificity, as for example in thecaseofau antigen and a 
monoclonal antibody specific thereftff. OthOT specific binding parmms include Wotin 
and avidin or streptavidin, IgG and ptOtein A, and the numerous receptor-Ugand 
couples known in the art The above description is not meant to categorize the various 
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labels into distinct classes, as the same label may serve in several different modes. For 
example, i25i may serve as a radioactive label or as an elcctron^dcnse reagent HRP 
may serve as enzyme or as antigen for a monoclonal antibody. Further, one may 
combine various labels for desired effect. Far exaniple, one might label a probe with 
5 Wotin, and detect the presence of the probe with avidin labeled with or with an 
anti-biotin mcmoclonal antibody labeled with HRP. Other permutaticms and 
possibilities will be readily apparent to those of ordinary skill in the art and are 
considoed as equivalents wititin the scope of the instant invention. 

FluorophoTes for use as labels in constructing labeled probes of the invention 

10 include rhodamine and derivatives, such as Texas Red. fluorescein and derivatives, 
such as S-hnomomcthyl flucMMoein, Lucifer Yellow, lAEDANS, 7-Me2N'^x5umarin-4- 
acetate, 7-OH-4"CH3-conmarin-3-acetato, 7-NH2-4-CH3-coumarin-3-aoetate (AMCA), 
monohromobimane, pyrene ffisulfonates, such as Cascade Blue, and 
monobnmiotrinMthyl-arnmoniobinianc. In genraal, fluarqphores with wide Stokes 

15 shifts are prefiened, to allow using fluoriracters with filters rather than a 
monochiomomete- and id increase the efficiency of detection. 

In some situations, one can use two interactive labels on a single 
oligonucleotide with due oonsideraticm given for maintaining an apprcqmate spacing of 
the labels on the oligonucleotide to permit the separation of the labels during 

20 oligonucleotide hydrolysis. Rhodanmne and crystal violet arc preferred interactive 
labels. 

In anoth^ embodiment of the invention, detection of the hydrolyzed labeled 
probe can be acconoplished using, for example* fluorescence polarization, a technique 
to differentiate between large and small molecules based on molecular tumbling. Large 

25 molecules (e*g., intact labeled probe) tumble in solution much more slowly than small 
molecules. Uptm linkage of a fluorescent moiety to the molecule of interest (e.g., the 
5* end of a labeled probe), this fluorracent moiety can be measured (and dififoentiated) 
based on molecular tumbling, thus differentiating between intact and digested probe. 
DeicctiOT may be measured directiy during PGR or may be perfcamed post PGR. 

30 In yet anotiier embodiment, two labelled oligonucleotides are used, each 

complcmentaiy to separate regions of separate strands of a double-stranded target 
region, but not to each otiier, so tiiat an oligonucleotide anneals downstream of each 
primer. For example, the presence of two probes can potentially double the intensity of 
the signal generated from a single label and may further serve to reduce product strand 

35 reannealing, as often occurs during PGR amplification. The probes are selected so that 
the probes bind at positions adjacent (downstream) to the positions at which primers 
bind. 

One can also use multiple probes in the present invention to achieve other 
benefits. For instance, one could test for any number of pathogens in a sample simply 
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by putting as many probes as desired into the reaction mixture; the probes could each 
comprise a different label to" facilitate detection. 

One can also achieve allele-spedfic or spedes-specific (i<e,, specific for the 
different species of BorreKa. the causative agent of Lyme disease) discrimination using 
5 multiple probes in the present invention, for instance, by using probes that have 

different TmS and conducting the annealing/cleavage reacticMi at a temperature specific 
for only one probe/allele duplex. For instance, one can choose a primer pair that 
amplifies botii HTLVI and HILVH and use two probes, each labeled uniquely and 
specific fiaratherHTLVI or HTLVn, One can also adiieve allele specific 

10 discrimination by using only a single probe and examining the types of cleavage 

products generated. In this embodiment of the invention, the probe is designed to be 
exacfly complementary, at least in the 5* terminal region, to one allele but not to the 
other allele(s)- With respect to the other allele(s), the probe will be mismatched in the 
5' terminal region of the probe so that a different cleavage product will be generated as 

15 orai^ared to the cleavage product generated when the px)be is hybridized to the exacfly 
con^lementary all^. 

Although probe sequence can be selected to achieve important benefits, one can 
also realize in^ortant advantages by sdection of probe label{s). The labels may be 
attached to the oligonucleotide directly or indirectly by a variety of techniques. 

20 Depending on the precise type of label used, the label can be located at the 5' or 3' md 
of the probe^ located internally in die probe, or attached to spacCT arms of various sizes 
and cranpoations to facilitate signal intraactions* Using commercially available 
phosphoramidite reagents, one can produce oKgomas containing functional groups 
(e-g., thiols or primary amines) at either the 5' or the 3' t^minus via an appropriately 

25 protected phosphoramidile, and can label them using protocols described in, for 
example, PCR Protocols: A Guide to Methods and AimliGations (Innis £t al, eds. 
Academic Press, Inc., 1990), 

Methods for introducing oligonucleotide functionalizing reagent to introduce 
one or more sulEhydiyl, amino or by droxyl moieties into the oligonucleotide probe 

30 sequence, typically at tiie 5' terminus, are described in U.S. Patent No. 4,914,210. A 
5" phosphate group can he introduced as a radioisotope by using polynucleotide kinase 
and gamma-32p-ATP to provide a reporter group, Biotin can be added to the 5' end by 
reacting an aminothymidine residue, or a 6-amino hexyl residue, introduced during 
synthesis^ with an N-hydroxysuccinimide ester of biotin. Labels at the 3' terminus 

35 may employ polynucleotide temunal transferase to add the desired moiety, such as ftxr 
example, cordycepin 35S-dATP, and biotinylated dUTP. 

Oligonucleotide draivatives arc also available labels. For example, etheno-dA 
and etheno-A are known fluorescent adenine nucleotides that can be incorporated into 
an oligonucleotide probe. Similarly, etheruD-dC or 2-anuno purine deoxyriboside is 
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another analog that could be used in probe synthesis* The probes containing such 
nucleotide derivatives may be hydrolyzed to release much more strongly fluorescent 
mononucleoddes by the 5* to 3' nuclease acdvily as DNA poljrmerase extends a primer 
during PGR. 

5 Teniplate-dependem extension of the oligonucieotide priiner(s) is catalyzed by a 

polymerizing agent in the presence of adequate amounts of the four 
deoxyribonudeoside triphosphates (dATP, dGTP, dCTP, and dTIP) or analogs as 
discussed above, in a leacdon medium comprised of the appropriate salts, metal 
cations, and pH buffering system. Suitable polymerizing agents are en2ymes known to 
10 catalyze primer- and template-dependent DNA synthesis and possess the 5' to 3' 
nuclease activity. Known DNA polymerases include^ for example, fidi DNA 
polymerase I, Thermus thermophilus 0^1) DNA polymerase, BflsiUus 
SftaroftgmasBfaihlS DNA polymerase, Thenmococcus liiQialis DNA polymerase, and 
Thermus aquaricus (Jqq) DNA polymerase. The reaction conditions for catalyzing 
1 5 DNA synfliesis with these DNA polymerases are well known in the art. To be useful in 
the present invention, the polymerizing agent must cffidenfly cleave the oligonucleotide 
and rdease labeled fragments so that the signal is directiy or indirectly generated. 

The products of the synthesis are duplex molecules consisting of die template 
strands and the primer extension strands, which include die target sequence. 
20 Byproducts of this synthesis are labded oligonucleotide fragments that consist of a 
mixture of mono-, di- and larger nucleotide fragments. Repeated cycles of 
draiaturation, labeled oligonucleotide and primer annealing, and i^imer extension and 
cleavage of the labeled oligonucleotide result in the exponential accumulation of the 
taiget region defined by die primers and die exponential aeration of labeled 
25 ftagments. Sufficient cycles are run to achieve a detectable species of label* which can 
be several orders of magnitude greater than background signal, although in common 
practice such high ratios of signal to noise may not be achieved or desired. 

In apreferred method, the PGR process is carried out as an automated process 
that utilizes a thmnostable enzyme- In this process the reaction mixture is cycled 
30 through a denaturing step, a probe and primer annealing step, and a synthesis step, 
whereby cleavage and displacement occurs simultaneously with primer-dependent 
template extension. A DNA thcmial cycler, such as the commercially available 
machine from Perkin-Elmer Cetus Instruments, which is specifically designed for use 
with a themiostable enzyme, may be employed. 
35 Temperature staUe polymerases are preferred in this automated process, 

because the preferred way of denaumng the double stranded extension prodiKts is by 
exposing diem to a high temperanire (about 95'C) during the PGR cycle. For example, 
U,S, Patent No* 4,889,818 discloses a representative thermostable en2yme isolated 
from Thermus aquariciiy. Additional representative tonperaune stable polymerases 
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include, e,g.,.polymeiases extracted from the theimostable bacteria Thgnpyg fl^YW. 
Thennus ruber, T bgmrms therm nphilus. Racillns stearotherniophilus (which has a 
somewhat lower temperatmc optimum than the others listed), Thgrmps Iqptg^s, 
ThermtisTuhens . Therniotpga maritima. ThmnococOTS Bt oraliS . and MethaT^Ptfagrmus 
5 fgrvidttS- 

Detection or verificatiDn of the labeled oligonucleotide fragments may be 
accDEnpEshed by a variety of methods and may bedependCTton the source of the label 
or labels eiig)loyed. One convenient embodiment of the invention is to subject the 
reaction products, including the cleaved labeled fragmcnite* to sia« analysis. Methods 

10 for determining the aze of the labeled nudeic acid fragments are known in the art, and 
include, for example, gel electraphoresiSt sedimentation in gradimts, gel exclusion 
chromatography and homochrunmtogiaphy. 

During or after amplification, separation of the labeled fragments from the PGR 
mixture can be accomplished by. for example, contacting tiie PGR mixture witii a solid 

15 phase extractant (SPE), For exaniple, matCTials having an ability to bmd 

oligonucleotides on the basis of size, charge, or interaction with the oligonucleotide 
bases can be acMed to the PGR mixture, undea: conditions wh^ labeled, uncleaved 
oligonucleotides are bound and shorty labeled fragments are not. Such SEE materials 
include ion exchange resins or beads, such as the commespdally available binding 

20 particles Nonsorb (DuPont Chemical Co.), Nucleogen (Hie Nest Group), PEI, 
BakerBond™ PEI, Amicon PAE 1,000, Selectaod™ PEI, Botonaie SPE witii a 3*- 
ribose probe, SPE containing sequences complementary to the of the probe, and 
hydroxylapatite. In a specific embodiment, if a dual labeled oHgcmucleotide comprising 
a 3' biotin label separated from a 5' label by a nuclease susceptible cleavage site is 

25 employed as the signal means, the PGR amplified mixture can be contacted with 
matmals containing a specific binding partna- such as avidin or streptavidin, or an 
antibody or monoclonal antibody to biotin. Such matmals can include beads and 
particles coated with specific bmding partners and can also include magnetic particles. 
Following the step in which the PGR mixture has been contacted witii an SPE, 

30 the SPE material can be removed by fiitration, sedimentation, or magnetic attraction, 
leaving the labeled fiagrnents free of uncleaved labeled oligonucleotides and available 
for detection. 

Reagents employed in the methods of the invention can be packaged intD 
diagnostic kits. Diagnostic kits include the labeled oligctfiucleotides and the primers in 
35 separate containers. If the oligonucleotide is unlabeled, the specific labeling reagents 
may also be included in tfie kit The kit may also contain otha: suitably packaged 
reagents and materials needed for amplification, for example, buffers, dNTPs, and/or 
polymerizing means, and for detection analysis, for example, enzymes and solid phase 
extractants, as well as instmctions for conducting the assay. 
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Hie examples presented below are intended to be illustrative of the various 
methods and compounds of the invention. 

Example 1 
PCR Probe Label Release 
5 A PGR amplification was perftomed which liberated the 5' 32p-iabeied end of a 

complementaiy probe when specific intended product was synthesized. 

A. Labeling of probe with ganinia-3^-ATP and polynucleotide kinase 

Ten pmol of each probe (BW31. BW33, BW35, sequences provided below) 
were individually mbted with fifteen units of T4 polynucleotide kinase (New England 

10 Biolabs) and 15.3 pmoi of gamma-32p,ATP (New England Nuclear, 3(X)0 CS/mmol) in 
a 50 ^li reaction volume containing 50 mM Tris-HCl, pH 7.5, 10 mM MgCi2, 5 mM 
dilhiothreitol, 0.1 mM spermidine and 0.1 mM EDTA for 60 minutes at 37°C. The total 
volume was then phenoI/chlcKoform extracted, and ethanol precipitated as described by 
Sambtook £t Molecular riomnf. Second Edition (1989). Probes were 

1 5 resuspended in 100 oflE buffra: and run over a Sephadex G-50 spin dialysis 
column to remove unincorpotated gamma-32P-ATP as taught in Sambrook £tM*> 
SS^gm- TCA precipitation of the reaction products indicated the fallowing specific 
activities: 

BW31: 1.98 X 106 cpm/pmol 
20 BW33: 2.54 x 106 cpm/pmol 

BW33: 1.77 X 106 cpm^mol 
Final concentration of all three probes was 0. 10 pmoV^xI. 

B. Aniplification 

The amplified region was a 350 base pair product bom the bacieriaphage 
25 M13mpl0w directed by primers BW36 and BW4Z The region of each nunrfjcred 

primer sequence designated herein, follows standard M13 nucleotide sequence usage. 
SEQID NO: 1 BW36 = 5' 5241-5268 3* 

5'-CCGATAGTTraAGTrCITCTACTCAGGC-3' 
SEQ ID NO: 2 BW42 = 5' 5591-5562 3' 

30 5'-GAAGAAAGCGAAAGGAGCGGGCGCTAGGGC-3' 
Throe different probes were used; each contained the 30 base exactly 
complementaiy sequence to M13mplOw but differed in the Icngtiis of 
non-complementaiy 5' tail regions. Probes were synthesized to have a S'-PO* instead 
of a 3'-OH to block any extension by Tag polymerase. 
35 SEQ ID NO: 3 BW31 = 5' 5541-5512 3' 

5'-*CGCTGCGCGTAACCACCACACCCGCCGCGCX-3' 
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SBQID NO: 4 BW33 = 5' 5541-5512 3' 

5'-*gatCX;CTGCGCGTAAC(:ACCACACCCGC^ 

SEQIDNO:5 BW35^ 5' 5541-5512 3' 

5'-*cgtoaccgatCGCnUCGCGTAACCACCACACCCGC^ 

5 X 3*-phosphate 

a^tfg^c, = bases non-complementary to template strand 
* =gamma 32P-ATP label 

For amplification of the 350 bp fragment, 10^ pmol of target M13mplOw 
sequence were added to a 50 Jil reaction volume containing 50 mM KQ, 
10 10 mM Tris-HQ. pH 83. 3 mM MgCfe, 10 pmol each of primers BW36 and BW42, 
200 |iM each of the four deoxyribonucleoside triphosphates, 1.25 units DNA 
polymraase, and either 1, 10 or 20 pmol of isotopically diluted probe BW31, BW33 or 
BW35. The amount of radiolabeled probe was held constant at 0.4 pmol per reaction 
and diluted to 1, 10 or 20 pmol with nonradioactive probe, polymerase was added 
15 at 4 per reaction at 0.3125 U/iil and diluted in 10 mM Tris-HCl. pH 8.0, 50 
mM KCl. 0.1 mM EDTA, 0.5% NP40, 0.5% Twcen 20, and 500 ^g/ml gelatin, 

A master reaction mix was made containing appropriate amounts of reaction 
buffer* nucleoside triphosphates, both primers and enzyme. From this mast©" mix 
aliquots were taken and to them were added tenq)late and various concentrations of eadh 
20 probe. Ccmtrol reactions consisted of addfaxg afl reactkm components exc^ 

and all reaction components except probe. Each reacticm mixture was ovraiayed witii 
50 III of mineral oil to prevrait evaporation^ microoentrif uged for 45 seconds, and then 
placed into a tbranial cycler. Reaction mixtures were subjected to the folloAving 
an^lification scheme: 
25 Fifteen cycles: 96*'C denaturation, 1 min 

60**C anneaVextension, 1.5 ncdn 
One cycle: 96° C denaturation, 1 min 

60** C anneal/extension, 5.5 min 
After cycling, the mineral oil was extracted with 50 iJl of chlorofomi, the mixtures were 
30 stored at 4^0, and the following tests were performed. 

C. Analysis 

Fbr acryianiide gel analysis, 4 )il of each an^Iification reaction were mixed with 
3 III of 5X gel loading mix (0, 125% bromophenol blue, 12,5% FicoU 400 in H2O) and 
loaded onto a4% aciylamide gel (10ml of lOX TBE buffer, 1 ml of 10% ammonium 
35 persuKalB, 10 ml of 40% Bis Acrylamide 19: 1. 50 ^1 of TEMED, and 79 ml of H2O) in 
IX TBE buffer (0.089 M Tris, 0.089 M boric acid, and 2 mM EDTA) and 
electiopharesed for 90 minutes at 200 volts. After staining with ethidium bromide, 
DNA was visualized by UV fluorescence. 
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The results showed that the presence of each of these three probes at the various 
concentrations had no effect on the anx>unt of amplified product genmted. Sample 
lanes containing no probe showed discrete high intensity 350 base pair bands 
corresponding to the desired sequence. All lanes containing probe showed the same, as 
S well as a few faint bands at sUghtly higher molecular weight. Control lanes without 
im^late added showed no bands wiiatsoever at 350 bases, only lower intensity bands 
representing primer at 3O40 bases. 

After photographing, the gel was transferred onto Whatman paper, covered 
with Saran Wrap and autoradiographcA An overnight exposure revealed that 90-95% 
10 of the radiolabel was near the bottom of the gel, where probe or partially degraded 
probe would run. 

For the denaturing gel analysis, 2 )il of each amplification reaction were mixed 
with 2 ^il of foimamide loading buffer (0.2 ml of 0,5 M EDTA pH 8, 10 mg of 
hromophenoi blue» 10 mg of xylene cyanol, and 10 ml of formamide), then heated to 
15 96^C for 3-5 min and placed on ice. Samples were loaded onto a 6.2% denaturing 
gradient poly acrylamide gel (7 M urea with both a sucrose and a buffer gradient) 
according to the procedure of Sambnx)k st §1-* sujn^i. The gel was electrophoresed for 
90 minutes at 2000 V, 45 W, then tran^erred onto Whatmian paper and 
autoradiographed. 

20 Results fiom the denatunng gel indicated that about 50% of each probe was 

degraded inti> smaller labeled fragments. Approximately 50%-60% of the counts lie in 
the 30-40 base range, cociesponding to undergiaded probe. A very faint band is visible 
at 300 bases for all the amplification reactions, suggesting that a very small percentage 
of the probes have lost, or never had, a 3'-P04 group and have been extended. The 

25 remainder ct the counts are in the range of zero to fifteen bases. The resolution on such 
a gel does not reveal the exact size of products, which can be better deteimined by 
homochromatography analysis. 

For a homochromatography analysis^ 1 |xl of each sample was spotted 1.2 cm 
apart onto a Polygram CEL 300 DEAE 20 x 20 cm cellulose thin layer plate, which was 

30 pre^spotted with 5 |il of sheared herring sperm DNA (150 jigAnl) and allowed to dry. 
After the sample was dried, the plate was placed in a trough with distilled H2O, and the 
water allowed to migrate just above the sanc^ile loading area. The plate was then placed 
in a glass development tank containing filt^ied Homo-mix m (Jay ££ M., 1979, Nuc , 
Acid Res , 1(3):33 1-353), a solution of partially hydroUzed RNA containing 7 M urea, 

35 in a 70*^C oven. The Homo-Mix was allowed to migrate by capillary action to the top of 
the plate, at which time the plate was rmioved, allowed to dry, covered with Saran 
Wrap, and then autoradiographed. 

An overnight exposure of the homochromatography plate also indicated that 
about 40% of ±e probes were degraded into smaller fragments. These fragments were 
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very specific in size, depending upon the length of the 5' non-complementary tail of 
each probe, Hguie 1 shows an autoradiograpfa of the TLC plate. Probe BW31 (Lanes 
1-3), which was fully oompiementaiy to the MlSmplOw template, generated labeled 
fragments predominantly one to two bases long. Probe BW33, (Lanes 4-6), containing 
5 a 5' 3 base non-complementary region^ released products i^edominanfly four to six 
bases long, BW35 (Lanes 7-9) had a 5* 10 base non-complementary tail and released 
products predominantly 12 to 13 bases in length, Lane^ 10-12 are control reactions 
containing either BW31, BW33 or BW35 and all PGR components except tsCTOplate 
after 15 cycles. During DNA synthesis, fiie enzyme displaced the first one or two 
10 paired bases encountered and then cut at that site, indicative of an endonudease-^like 
activity. The results show specific probe release coordinately with product 
accumulation in PGR. 

Example 2 

Specificity of Probe Label Release 
15 The specificity of labeled probe release was examined by performing a PGR 

amplification using bacteriophage lambda DNA and primers, and a series of 
non-complementary kinased probes. 

The region to be amplified was a 500 nucleotide region on bacteriophage 
lambda DNA fiiom the GeneAmp® DNA An^ilificaiion Reagent kit (Perkin-Ehner 
20 Cetus), flanked by piimers PCROl and PCR02, also from the GeneAnip<» DNA kit- 
SEQID NO: 6 PCROl ^ 5* 7131-7155 3' 

5'-GATGAGTrCXjTDTCCGTACAACTGG-3' 
SEQ ID NO: 7 PCR02 ^ 5' 7630-7606 3'; 

5'-GGTrATOGAAATCAGCCACAGCGCC-3' 
25 Aliquots of the same three labeled probes BW3 1 , BW33 and BW35 identified in 
Example I, were used, all of which were entirely non-con^letnentary to the target 
sequence. 

For amplification of the 500 base pair region, 0.5 ng of target lambda DNA 
sequence (control Template, Lot #3269, 1 \ig/ihU dilute 1:10 in 10 mM Tris-HQ pH 

30 8A 1 mMEDTA, and lOmMNaQfor stock) were added to a 50 jil reacticm volume 
containing 50 mM KQ, 10 mMTrls-HCl, pH 8.3, 3 mM Mga2, 1 HM each of 
primers PCROl (Lot #3355) and PCR02 (Lot #3268), 200 each of four 
deoxynucleoside tripho^hates, 1*25 units Tag DNA polymerase, and eith^ 2, 10 or 
20 pmol of isotopically diluted probe BW31, BW33 or B W35. The amount of 

35 radiolabeled probe was held constant to 0*4 pmol per reaction and diluted to 1 , 10 or 
20 pmol with nonradioactive probe. Tag DNA polymerase was added at 4 )jl per 
reaction at 0,3 125 units/^l and diluted in 10 mM Tris-Ha pH 8,0, 50 mM KQ, 
0.1 mM EDTA, 0.5% NP40, 0.5% Tween 20, and 500 ng/ml gelatin. 
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The master reactiofl mix was made as previously taught, along with the control 
reactions minus probe or minus enzyme. The reaction mixtures were amplified 
following the cycling conditions set forth in Example 16 and then analyzed as follows. 
For acrylamide gel analysis* 4 jil of each amplification reaction mixed with 3 ^1 of 5X 
5 loading mix were loaded onto & 4% acrylamide gel in IX TBE buffer and 

electropfaoresed for 90 minutes at 200 volts. After staining with ethidium bromide, 
DNA was visualized by UV fluorescence. 

Hie results show that the presence of any probe at any concentration has no 
effect on the amount of amplified product generated Sample control lanes containing 
10 no probe, and all lanes containing probe, showed a discrete high intensity 500 base pair 
band ctMiesponding to the desired sequence. Connol lanes with no enzyme added did 
not show any product bands but only low intensity bands representing primer and 
probe of approximately 30-40 nucleotides. 

The homochromatography analysis provided in figure 2 shows an overnight 
1 5 exposure of the plate in which no degradation of the probes was observed. AH of the 
counts were located at the point of origin, showing no release of labeled fragments. 
Lanes 1-3 arc reactions containing probe BW31; Lanes 4-6 include probe BW33; 
Lanes 7-9 include jttobe BW35; and Lanes 10-12 are control reactions wiAout 
template. The results show that the probe is not degraded unless specifically bound to 
20 target and is able to withstand the FCR cycling conditions* 

In the denaturing gel analysis, 2 lUof each amplification reaction were mixed 
with 2 lutiof fonnamide loading buffw (described in Example I) and placed oti a heat 
block at 96^C for 3-5 min. Sarrq)les were immediately placed on ice and loaded onto a 
6.2% denaturing gradient acrylamide geU and decttophorcscd for SHD minutes at 
25 2000 volts- After electrophoresis, the gel was transferred onto Whatnian paper, 
covered with Saran Wrap, and autoradiographed. 

An overnight exposure revealed all of the counts in the 30-40 base pair range, 
corresponding to the sizes of the probes. Once again, there was no probe degradation 
apparent, further confirming that probe must be specifically bound to template before 
30 any degradation can occur. 



wo 92/02638 



PCr/US91/05571 



22 



Example 3 

Specificitv o f Probe Label Release in the Presence of Genomfc DNA 
In this CTampIe^ the specificity of probe label release was examined by 
perfoiming a PGR amplification in the presence of degraded or non-degraded human 
5 genomic DNA, 

The BW33 Idnased probe used in this experimmt had a specific activity of 5,28 
X 106 cpip^[miol determined by TCA precipitation following the Idnasing reaction. The 
region arnplified was the 350 base pair region of Ml3mplOw, flanked by primers 
BW36 and B W42< Primer sequraices and locations are listed in Example 1. Human 
10 genomic DNA was fiDmcelllineHL60 and was used undegraded or degraded by 
shearing in a fisnch press to an average size of 800 base pairs. 

Each 50 (il amplification reaction consisted of 10-^ or 10^3 pmol of M13n:5)10w 
target sequence, 1 yig of either degraded or non-degraded HL60 genomic DNA added 
to a mixture containing 50 mM Kd 10 mM Tiis HCl, pH 8.3, 3 mM MgCla, 10 pmol 
15 each of primers BW36 and BW42, 200 pM each of fourdeoxyribonucleoade 

triphosphates, 1^ units 3^ DNA polym^ase and 10 pmol of isotopically diluted 
probe BW33. 

A master reaction mix was made containing app?c3fpriateamounts of reaction 
buffer, nucleoside triphosphates, primers, probe, and enzyme, Aliquots were made 
20 arid to them was added M13nq>10wteinplate and/or genomic DNA. Control reactions 
included all reaction oampcments except M13naplOw target DNA or all reaction 
components except genomic DNA. 

Each reaction mixture wasoverlayed with SO jil of mineral oil, 
microcOTtrifuged, and placed into a thermal cycler. Reaction nmxtures were subjected 
25 to the following amplification scheme: 

For 10, 15 or 20 cycles: 9G°C denaturation, 1 min 

60**C anneal/extension, 1.5 min 
Final cycle: 96^C denaturation, 1 min 

60^C anneal/extension, 5.5 min 
30 After cycling, die mineral oil was extracted using 50 |4l of chloroform and sarr^les 
wHe stared 314^^0 Samples were subsequently analyzed fay a 4% acrylamide gel 
electrophoresis, and homochromatography analysis. 

For the acrylamide gel analysis, 4 of each reaction nndxture were mixed with 
3 |jl of 5Xgd loading mix, loaded onto a 4% ai^lamide gel in IX TBE buffer, and 
35 electtophoresed for 90 minutes at 220 volts. DNA was visualized by UV fluorescence 
after staining with etfaidium bromide. 

In the lanes corresponding to control samples containing no M13mpl0w target 
DNA, there were no visible product bands, indicating the absence of any crossover 
contamination of MlSmplOw, All subsequent lanes showed a band at 350 bases 
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correspondiiig to the expected sequence* The intensity of the band was grcatra- when 
10-2 pmol M13mplOw tai^t DNA was present over 10-3 pmol in the absence or 
presence of genomic DNA (degraded or undegraded). The product band intensity 
increased with increasing number of amplification cycles. Twenty cycles produced a 
5 band with twice the intension of that seen at ten cycles^ and fifteen cycles generated a 
band of intermediate intensity. The amount of FCR product present varied with the 
amount of starting target template and the number of cycles* and the presence of 1 fig of 
human genomic DNA, whether degraded or undegraded, showed no effect at all on this 
product formation, 

10 In the homochiDmiatography analysis, 1 pi of each reaction mixture was spotted 

onto a DEAE thin layer plate» and placed in a devcic^ing chamber containing 
Hrano-Mix in at 70**C- AftCT 90 minutes, the plate was removed, allowed to dry, 
covered with Saran Wrap, and autoradiographed. An overnight exposure is shown in 
Figure 3; in Figure 3A, Lanes 1 to 6 show PCR reaction cycles in the absence of 

15 M 13inp lOw template DNA containing, alternately, degraded and undegraded HL60 
DNA at 10, IS, and 20 cycles; and Lanes 7-12 are duplicate loading control reactions 
containing M13mplOw template DNA without any human genomic DNA at 10, 15 and 
20 cycles. In Figure 3B, reactions are amplified over increasing 5 cycle increments 
starting at 10 cycles. The M13niplOw cen^late DNA concentration in the reactions 

20 shown in Lanes 1, 2, 5, 6, 9, and 10 is 10-2 pmol, while in lanes 3, 4, 7, 8, 1 1, and 12 
is 10-3 pmoL The reactions shown in the odd numbered lanes fiom 1 through 1 1 
contain degraded human genomic DNA, and the even ntunbered lanes contain 
non-degraded human genomic DNA, Labeled probe fragments were seen as two 
well-defined spots migrating at f^iproximaiely 4 and 5 bases in length on the thin layer 

25 plate. As the starting template concentration increased and/or as the cycle number 

increased, the amount of released labeled probe fragments also incroased The presence 
or absence of degraded or non-degraded human genomic DNA did not interfere with ot 
enhance probe hybridization and degiadation. 

The results show that increased amounts of released small probe fragments 

30 occur coordinately and simultaneously with specific product accumulation during the 
course of a PCR assay. The presence or absence of either a large amount of high 
complexity human genomic DNA or a large number of random DNA "ends" has no 
effect on specific product accumulation or degree of probe release. Finally, the 
presence of a large amount of high complexity human genomic DNA does not lead to 

35 any detectable probe release in the absence of specif.:^ produa accumulation. 
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Example 4 
PHR withy Labeled Probe 
A PCR amplification was pCTfarroed which IxbOTied a hybridized 3* 
ladiolabeled probe into smaller fragments when the probe was annealed to template- 
5 The sequences of the probes were as follows: 
SEQ ID NO: & DG46 = 5* 5541-5512-3' 

5'-CGCKjCGCGTAACCACCACACCCGCCX5CGC-3' 

SEQ ID NO: 9 BW32 = 5' 5541-5512-3' 

5-gatCGCTGCGCGTAACCACCACACCCGCCGCGC-3' 

10 SEQ ID NO: 10 BW34= 5' 5541-5512-3* 

5'-cgtcaccgatCXjCTGCGCGTAACX:ACCACACCCGC^ 

A< Labeling of Probes with 32p.cOTdycepin and temiinal transferase 

Five pmol of each iwobe (DG46, B W32, and B W34) wrae individually mixed 
with 17.4 units of temiinal transferase (Stratagene) and 10 pmol of [a-^2P3-coniycepin 

15 (coidycepin: 3*-deoxyadcnosine-5' triphosphate. New England Nuclear, 5000 

a/mmol, diluted 3X with ddATP [Phaimacial) in a 17^ ^il reaction volume containing 
100 mM potassium cacodyiate, 25 mM Tris-HCl. pH 7,6, ImM CoCl2» and 0,2 mM 
dithiothrdtol for 60 minutes at 37X. The total volume was then phenol/chloroform 
extracted and ethanol precipitated. Probes wraeiesuspended in 50^1 of TE buffer and 

20 run over a Sephadex G-50 spin dialysis cdunm accosrding to the procedure of 

Samhrook. £l al.. Molecular Zoning , supra . The final concentration of probes was 0.1 
pmol/jil. TCA precipitation of the reaction products indicated the following spedfic 
activities: 

DG46: 2.13 x 106 cpm/pmol 

25 BW32: L78 x JO^ cpnq/pmol 

BW34: 5.02 x 106 cpnVpmol 
Denaturing gradient gel analysis comparison of the 3' radiolabeled probes to 5' kmased 
probes BW31, BW33 and BW35. show that the 3' radiolabeled probes ran in a similar 
fashion to the 5' radiolabeled probes. 

30 Once again, the region amplified was the 350 base region on M13mpl0w 

defined by primers B W36 and B W42. Primra" sequences and locations are listed in 
Example 1, Each amplification mixture was prepared adding 10-3 pmol of the target 
Ml SniplOw DNA to a 50 |il reaction volume containing 50 mM KQ, 10 mM Tris HQ, 
pH 8,3, 3 mM MgQa, 10 pmol each of primers BW36 and BW42, 200 \iSA each of 

35 four deoxynucleoside triphosphates, 1.25 units of Tafl DNA polymerase, and nihcr 2, 
10, or 20 pmol of isotopically diluted probe DG46, BW32, or BW34. 

A master reaction mix was made containing appropriate amounts of reaction 
buffer, nucleoside triphosphates, template, and enzyme. Aliquots were made and to 
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them was added the appropriate amount of primers and probes. Control reactions 
included all reaction components excqjt primers, and ail reaction components except 
probe. 

Reaction mixtures were overlaid with 50 pi of mineral oil, microcentrifugcd, 
5 and placed into a thennal cycler* The amplification scheme was as follows: 
Fifteen cycles: 96*C denaturation, 1 min 

60'C anneal/extension, 1-5 min 
Final cycle: 96'C denaturation, 1 min 

60X anneal/extension, 5.5 min 
10 After cycling, the mino-al oil was extracted using 50 pi of chlorofomi, and samples 
were stored at 4**^ 

Samples were analyzed by a 4% acryiamide gd, an 8% denaturing gradient 
acrylamide gel, and by honrachromatography. For all three analyses, handling of 
reaction mixtures was as previously described. 
15 In the 4% acrylamide gel analysis, a sharp band corresponding to the desired 

product at 350 bases was visible in all of the reaction mixtures except control reactions 
minus primers. In all of the reaction mixtures containing both primers and probe, a 
second band was visible at approximately 300 bases. TTiis second band became more 
intense wifli increasing probe concentration, and probably corresponded to probe which 
20 was either not efiPiciendy 3' radiolabeled or lost the 3' label, allowing probe extension 
and generating a i^odua. 

An overnight exposure of the 8% denaturing gradient actylamidc gd showed a 
distribution of jmxiuas ranging ftom full size probe down to less than 15 bases with 
all three probes being run. As would be expected, the 5-3' nuclease activily of Tao 
25 DNA polymerase dcgraied the probe to a point where the degraded iKobe dissociated 
ftom the template. 

The wide size distribution of products was illustrative of the continuously 
changing concentrations of reactants and temperature changes during PCR cycling. 
Such variations would lead to changes in annealing kinetics of probe and enzyme, 
30 allowing for probe to dissociate in a variety of sizes at different times in the cycling 
routine. 

The homochromatography piaie revealed the smallest prcxluct to be about 10 to 
12 bases in length for all the probes examined Since all three probes had identical 
sequence except at the 5' tail region, this result shows that for this particular probe 
35 sequence at an anneal/extend lempCTature of 60^*0, the probe was degraded to about 10 
bases and then dissociated fturai the template. 
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ExamDl&5 

Pnlvmerizarion Independent g-a' Nudeas e Aerivitv oFTan DNA PotymeraSfr 
Tag DNA polymerase was able to liberate the 5' 32p-iabeied end of a hybridized 
probe when poationed in praximity to that probe by an upstream primer. A series of 
5 primers was designed to lie fiom zcto to twenty bases upstream of hybridized Idnased 
probe BW33. These primira-s are shown below. 
BW37 SEQIDNO: II Ddta-O 5' 5571-5542 3* 

5'-GCXjCTAGGGCXjCTGGCAAGTGTAGCGGTCA-3' 
BW38 SEQIDNO: 12 Delta-1 5' 5572-5543 3' 
10 5'-GGCGCTAGGGCGCTGGCAAGTGTAGCGGTC-3' 
BW39 SEQIDNO: 13 Delta-2 5' 5573-5544 3' 

5'-GGGCGCTAGGGCGCTGGCAAGTGTAGCGGT-3' 

BW40 SEQIDNO: 14 Delta-5 5' 5576-5547 3' 

5-AGCGGGCGCTAGGGCGCTGGCAAGTGTAGC-3' 
15 BW41 SEQIDNO: 15 Delta-10 5* 5581-5552 3' 

5'-AAAGGAGCGGGCX3CTAGQGCGCTGGCAAGT-3' 
BW42 SEQIDNO: 16 Delta-20 5' 5591-5562 3' 

5'-GAAGAAAGCGAAAGGAGCGGGCGCTAGGGC-3' 
About 0.5 pmoi of probe BW33 and 0.5 pmol of one of each of the primers 
20 were annealed to 0.5 pmd Ml 3mplOw in a 10.5 yd reaction volume oontahring 50 noM 
KO, 10 mM Iris-HQ, pH 8.3. and 3 mM MgCh. Control reaction mixtures 
contained either 20 )iM or 200 each of four deoxynucleoside triphosphates. An 
additional primer, DG47, positioned 530 bases upstream from liic probe was used. 
DG47 SEQIDNO: 17 DeIta-530 5' 6041-6012 3' 
25 5'-CGGCCAACGCGCGGGGAGAGGCGGTmGCG-3' 

Reaction mixtures were heated to 98*^ for 1 min and annealed at 60*C far 30 min. 
Tubes wrae then nncrocoitrifiiged and placed in a water bath at 70*'C. . After ample tune 
for reaction mixtures to equilibrate to temperature, 10, 5, 2.5, 1.25, or 0.3125 units of 
Tag DNA polymerase were added, and 4 \il aliquots were removed at 2, 5, and 10 
30 minutes. Enzyme was inactivated by adding 4 |il of 10 mM HDTA to each aliquot and 
placing at 4'*C. Reaction mixtuies were examined by homochiomatography analysis. 

In the homochiomatography anaiy^, 1 (il of each sample was spotted onto 
DEAB cellulose thin layer plates and placed into a development chamber containing 
Homo-Mix HI at 70'*C. Homo-Mix was allowed to nugrate to the iqp of each plate, at 
35 which time the plates were removed, dried, covered with Satan Wrap, and 
autoradiogr£^hed« Figure 4 shows the results of this experiment 

In Figure 4, Lanes 1 through 3 contain radiolabeled oligonucleotide mdiecular 
size markers of 6, 8, 9, 10, 11, 12, and 13 nucleotides. Lanes 4-10 show reactions for 
primers BW37, BW38, BW39. BW40, BW41. BW42, and DG47, respectively, in the 
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absence of dNTP's, Lanes 1 1-24 show controi reactions for all primers in the presence 
of 20 mM or 200 mM dNTP. 

In the absence of dNTPs, Jaa DNA poljmierase generated labeled probe 
fragments using all of the primers with consid^ably less label being released as the 
5 primer-probe spadng increased. Tlus effea was seen at all ±e enzyme concentcatidns 
examined (03125 U to 10 UAeacdon) and all timepoints. The sizes of fragments 
released were the same, about two and three bases in length; however, the primary 
species varied depending upon which primer was added. The majority species released 
by the delta zero and delta two primers was one base smallff than that released by ±e 

10 delta one, five, ten, and twenty primers. Hiis nuclease activity was polymerization* 
indq)endent and proximity-dependent 

In the presence of nucleoside triphosphates, the sizes of labeled probe 
fragments released, and the relative propordons of each, were identical fOT all the 
primers examined. Also, the sizes of products were larger by one to two bases when 

15 dNTPs were present It may be that while the enzyme was polymerizing* it had a 

"running start" and as it encountered hybridized probe, was simultaneously displacing 
one to two bases and then cutting, thus generating a larger fragment. 

There was no detectable difference in amount of product released when dNTPs 
were at 20 |iM or 200 each and no significant differences woe seen due to 

20 extension times or enzyme concentratitins in the presence of dNTPs. 

Example 6 

Examnle to Dlustrate the Nature of Released 
Product Based on Probe Seouence at the 5' End 
Tlie effect of strong or weak base pairing at the 5' complementary region of a 
probe on the size of released product was assessed. Two probes, BW50 and BW51, 
were designed to contain either a GC- or an AT-rich 5' awiplemcntary region. BW50 
and B W5 1 were compared to probe B W33 used in Example V- 
SEQIDNO: 18 BW50 =5' 5521-5496 3' 

5-talCCCGCCGCGCTrAATGCGCCGCTACA-3' 
SEQIDNO: 19 BW51 =5' 5511-548 1 3' 

5'-gcaTrAATCCXjCCX5CTACAGGGCGCGTACTATGG-3' 
a,t,g,c — bases which are non-complementaiy to tmplate strand 

BW50, BW51, and BW33 were labeled with 32p,ATP using polynucleotide 
kinase and had the following specific activities: 
BW30: 1.70 X 106 cpm^jmol 
BW51: 2.22 x 106 cpm^mol 
BW33: 1.44 X 106 cpip^mol 
The final concentration of all three probes was 0. 10 pmol/uL 



25 



30 



35 
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Individually, 0.5 pmoi of either probe BW50, BW51, or BW33 and 0,5 pmol 
of primer BW42 wrae annealed to 0.5 pmol of M13mplOw in a 10,5 fjl reaction 
volume containing 5QmM KCl, 10 mM Tris HQ, pH 8.3, 3 mM MgCl2* and 200 ^iM 
each of four deoxynucleoside triphosphates. Control samples contained all reaction 
5 components except template* For the amiealing step, reaction mixtuies were heated to 
98*'C for 1 minute and annealed at eO^^C for 30 minutes. Tubes were then 
miciocentrifuged and placed in a water bath at 50**^ 60°C or 70°C After ample lime 
for reaction mixtures to equilibrate to temperature^ 0.3125 units of Tag DNA 
polymerase was added. Four ill aliquots were removed at 1, 2» and 5 nrinutes, 

10 Reactions were inacdvated by adding4 fxl of 10 mMEDTA to each aliquot and placing 
at 4''C* Samples were examined by hcnnochrcmatography analysis and the results axe 
shown in Figures 5 and 6. 

Figure 5 shows the reactions containing the GC-rich probe BW50. Lanes 1-3 
contain oUgonucIeodde molecular size markers of 6» 8» 9» 10, 1 1, 12, and 13 

IS nucleotides. Lanes 4-6 show extension reactions performed at 50^C for 1, 2, and S 
minutes. Lanes 7-9 show extension reactions at 60*C for 1,2, and 5 minutes. Lanes 
10-12 show reactions at 70°C for 1, 2, and 5 minutes. Lanes 13-15 are control 
reactions containing all components except template, incubated at 70°C for 1, 2, and 5 
minutes. 

20 Hgure 6 shows the reactions odntairjiiig the AT rich probe BW51. As in Figure 

5, Lanes 1-3 are oligonucleotide molecular size markers of 6, 8, 9, 10> 11, 12, and 13 
nucleotides. Lanes 4-6 are extension reactions performed at 50^C for 1, 2 and 5 
minutes. Lanes 7-9 are reactions at 60PC at 1, 2^ and 5 minutes. Lanes 10-12 are 
reactions at lO^C at 1, 2^ and 5 minutes. Lanes 13-15 are control reactions containing 

25 all componmts except template. Incubated at 70*^C for 1 , 2* and 5 minutes. 

The results demonstrate that the nature of probe label rdease was dependent on 
ternperature and base composition at the 5* eni The more stable GC-rich probe BW50 
showed tittie label release at SO^^C (Figure 5, Lanes 4-6) and increaangly more at 60*C 
figure 5, Lanes 7-9) and 70^*0 (Figure 5, Lanes 10-12). The major products teleased 

30 were about 3-5 bases in length. BW5 1, which was AT-rich at the 5' end, showed as 
much label release at 50"C (Figure 6, l^es 4-6) as was observed at the higher 
temperatures. In addition, die AT-rich probe generated larger-sized products than the 
GC-rich probe. The base composition of the AT-rich probe may give die opportuiuty 
for a greater "breathing" capacity, and thus allow for more probe displacement before 

35 cutting, and at lower temperatures than the GC-rich probe. 



wo 92/02638 



PCr/US91/05571 



29 

Example 7 
HIVCapttTJg Assay 

The following is an exanqjle of the use of a dual labeled probe containing biotin 
in a PGR to detect the presence of a target sequence. Two oiigonucleotidcs, B W73 and 
5 BW74, each oompiancntary to a portion of the HIV genome, were synthesized with a 
biotin molecule attached at the 3' end of the oligonucleotide. The 5' end of each 
oligonucleotide was additionally labeled with 32p using polynucleotide kinase and 
gamma-32P-ATP. The two oligonucleotides PH7 and PH8 are also coniplimentary to 
the HIV genome, fiank the region containing hcmiology to the two probe 
10 oligonucleotides, and can serve as PGR primers defining a 142 base producL The 
sequences of these oligonucleotides are shown below. 

SEQIDNO: 20 BW73= 32p-GAGACCATCAATGAGGAAGCrGCAGAATC5GGAT-Y 
SEQIDNO: 21 BW74= 32p-gtgGAGACCATCAATGAGGAAGCnGCAGAATCGGAT*Y 
SEQIDNO: 22 PH7 = AGTGGGGGGACATCAAGCAGCCATCCAAAT 
15 SEQ ID NO: 23 PH8 = TGCTATGTCAGTrCCCCTraGrrCTCT 

In tiie sequenccs,**Y"is a biotin. and lower case letters indicate bases that are 
non-complementaiy to the template strand. 

A set of 50 ^I polymerase chain reactions was constmcted containing either 
B W73 or B W74, each doubly labeled, as probe oligonucleotides at 2 nM, 
20 Additionally, HTV ten^late in the f oim of a plasmid clone was added at cither 102 or 
103 copies per reaction, and primer oligonucleotides PH7 and PH8 were added at 0.4 
|jM each, lia polymerase was added at L25 U pCT reaction and dNTPs at 200 |iM 
each. Each reaction was overlayed with 50 |il of oil, spun briefly in a miciDcentrifuge 
to oollea all liquids to tiic bottom of tiie tube, and tiiennocyclcd between 95**C and 
25 60'C, pausing for 60 seconds at each tempCTature, for 30, 35, or 40 cycles. At the 

conclusion of tiie thcrmocycling, each reaction was extracted with 50 ^1 of CHCis and 
the aqueous phase collected. 

Each reaction was analyzed for amplification by loading 3 id onto a 5% 
acrylamide electrophoresis gel and examined for llie expected 142 base pair product. 
30 Additionally, 1 |il of each reaction was examined by TLC horoochromotography on 
DEAE cdlulosc plates* Finally, each reaction was further analyzed by contacting the 
remaining volume witfi 25 ^il of a 10 mg/ml suspension of DYNABEADS M-280 
streptavidin labeled, supCTparanmgnetic, polystyrene beads. Aflser reacting with the 
beads, the mixture was separated by filtration through a Costar Spin X cennrifuge filter, 
35 the filtrate collected and the presenre of released radiolabel detramined. 

Figure 7 contains images of the two gels used and shows tfiat 142 base pair 
product occurs in all reactions, with and without probe, and increases in amount both 
as starting template was increased fium 102 to 103 copies and as thcrmocycling was 
continued fiom 30 to 35 and 40 cycles. 
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Rgure 8 is a conqiosite of two autoradiographs of the TLC analysis of aliquots 
of the PCRs and show that ladiolabel release occurs and inCTeases in amount with both 
increase in starting ten^late and with longer thermocyding. In the first TLC of PCRs 
using BW73, lanes 1 and 3 contain radiolabeled oligonucleotides 2 and 3 bases in 
5 length as size standards. Lanes 4, 5, and 6 contain sanoples from PC^s with 1(P 
starting copies of template and lanes 7, 8, and 9 with IG^ starting copies. Samples In 
lanes 4 and 7 were thennocycled for 30 cycles; in lanes 5 and 8 for 35 cycles; and in 
lanes 6 and 9 for 40 cycles. InthesecondTLCof PCRs using BW74, lanes 1 and 2 
are the radiolabeled 2 mer and 3 mer, lanes 4, 5, and 6 contain samples fix*m PCRs 

10 with 102 starting copies of template themiocycled for 30, 35, and 40 cycles, 

respectively, and lanes 7, 8 and 9 with 103 copies of starting template thennocycled for 
30, 35 and 40 cycles, respectively- The size of the released label is smaller with 
BW73, which has no 5' non-complementary bases, and larger with BW74, which has 
a 5' three base non-complementary extension. 

15 Each chiomatogram was additionally analyzed by two-dimensional radioisotope 

imaging using an Ambis counter. Hie results of Amhis counting and bead capture 
counting arc shown in Table 1* The good agreement in the two methods of measuring 
label release demonstrates the practicality of the use of labeled biotinylated probes and 
avidinylated beads in PCRs to determine product fcMmation. 



20 






Tablet 








Number 


% of Label Released 






of Cycles 




Capttiiie 




BW73 


30 


6.9 


10.8 




102 copies 


35 


29.0 


32.7 


25 




40 


47.2 


47.2 




103 ccqnes 


30 


11.8 


16.8 






35 


35.6 


39.3 






40 


53.4 


52.5 




BW74 


30 


8.3 


7.9 


30 


102 copies 


35 


20.7 


25,2 






40 


43.2 


48.3 




103 copies 


30 


15.7 


14.7 






35 


32 


37.7 






40 


46 


47.9 
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E?tamplpg 

Probe Labeling and Solid Phase Extr actant Methodology 
In one embodiment of the present invention, a separation step is employed after 
probe cleavage but prior to determination of the amount of cleaved jHcobe to separate 
5 cleaved probe pnxiucts from uncleaved probe. Two alternate separation methods are 
prefenred: (1) the use of avidinylaied or streptavidinylaied magnetic particles lo bind 
probes labeled at the 3*-end with biotin and at the 5*-end with a fluorophore; the 
tnagneuc particles bind both uncleaved probe and the 3'-fragment that is the product of 
probe cleavage; and (2) the use of magnetic ion exchange particles that bind 
1 0 oligonucleotides but not mono- or dinucleotides that are typically labeled at the 5 '-end 
with a fluorophoie or 32p, Various aspects of these alternate strategies are discussed 
below. 

At Av^diTiYlatg^? MasTtgtip Panipigs 

The separation system involving 3*-biotinylated probes and magnetic 

15 avidinylated (or streptavidinylated) beads is carried out preferably with beads such as 
E>ynabeads™ from Dynal; these beads have a biotin binding capacity of approximately 
100 pmoles per 50 jOl of beads. Nonspecific adsorption is minimized by first treating 
the beads with both Denhardt's solution and earner DNA. 

The probe for streptavidin-lriotin separation methods requires a biotin moiety at 

20 the 3*-teiminus and a fluorophore at the 5'-teiminus. The 3*-hiotin functions both as a 
ligand for separation by streptavidinylated (or avidinylated) beads and as a block to 
prevent the extension of probe diuing the amplification. Post-synthesis modifications 
can be simplified by extending each end of the probe with a different nucleophile; for 
instance, one can add an amine to the 3 '-end for the addition of biotin and a blocked 

25 thiol at the 5'-end for later addition of the fluorc^hare. The 3'-biotinylated probes can 
be prepared in a variety of ways; some of which are illustrated below. 

An NHS-acrive ester derivative of Wotin can be added to the 3*-aminc of the 
probe by the reaction mechanism shown in Figure 9, The resulting linkage creates a 
secondary hydroxyl gamma to the amide carbonyU which may result in instability 

30 during the repeated thmnal cycling of a typical PCR- For instance^ tiiermai cycling for 
40 cycles can renda* as much as 6% of the initial probe added unable to hind to 
magnetic avidinylated particles. When the bond between the probe and the attached 
biotin breaks down as a result of thermal cycling, the probe can no longer be separated 
ftom the cleaved products and contributes to the background Although one can help 

35 overcome this problem by attaching more than one biotin to the probe, several alternate 
methods for attaching biotin to an oligonucleotide may yield more stable products. 

One can react biotin hydrazide with aldehydes generated from a 3'-ribose on the 
probe to yield a biotinylated oligonucleotide. For this strategy, the 3 '-nucleotide of tJie 
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piobe contains a ribose sugar in place of the deoxyribose sugar. During synthesis, the 
3'-ribose is attached to the solid support by eithra- its 2'- ac S'-OH, Following 
synthesis, the completed oligonucleotide is released from the solid support, and the 
vicinal diols of the ribose are oxidized by sodium periodate (NaI04) to aldehydes that 
5 are then reacted with the biodn hydrazide, as shown in Kgure 10» and the product is 
reduced by sodium borohydride (NaBHU), However, the resulting biotinylated probe 
does nor hind efificiendy to avidinylated magnetic particles. The use of hiotin long 
chain hydrazide, a compound also shown in Figure 10, can solve this probletrL 

One can attach the biotin to the probe during probe synthesis using a soluble 

10 biotin phosphoramidite, as shown in Figure 1 L The synthesis begins with a base 
attached to controlled porous glass (CPG), which is ultimately discarded. A 
phosphoramidite, which allows the generation of a 3 '-phosphate on ammonium 
hydroxide deprotection of the synthetic oligonucleotide, is added. The biotin 
phospharamidtte is then added, and the oligonucleotide synthesized is as shown in 

1 5 Figtjre 1 1 , which also shows the final product- This method of attachment allows the 
use of 5*-amine terminated oligonucleotides for the attachment of a fluorpphore. The 
use of a 3'-amine for the attachment of biotin limits the chemistry of attachment of 
fluOETOpfaore to 5'-fhiols* Utilization of a biotin phosphorantidite in which one of the 
biotin nitrogens is blocked may improve flie synthesis of the hiotin labeled probe, 

20 One can also use a commercial reagent that consists of biotin direcdy attached to 

porous glass; the reagent is the starting substrate for probe synthesis and is shown in 
Figure 12, Tliis method of attachment allows the use of 5*-amine lermmated 
oligonucleotides fer the attachment of a fluorophore. The use of a 3 '-amine for the 
attachment of hiotin limits the chemistry of attachment of fluorophore to S'-tMols- 

25 Enzymatic methods of attachment of modified nucleotides to the 5*-ends of 

oligonucleotides are also available, althou^ limited in their generality and practicality. 

B. Mapietic Ion Exchan^ Matrices 

One can use commercially available polyethyleneimine (PET) matrices 
(cellulose--, siUca-, and polyol polymer-based) particles to sqjarate cleaved from 

30 uncleaved probe. For instance, Hydrophase PEI, Selectacel™ PEI, Bakerbond™ PEI, 
and Amicon PAE 300, iOOO, and lOOOL are all commcrdally available PEI mattioes 
that give separation of uncleaved probe team cleaved probe products. 

Commercially avaiiable activated cellulose magnetic particles^ such as Ctetex 
MagaCell™ particles can be derivatized with PEIs of various lengths, such as PEI600, 

35 PEIl 800, and PEI10,000, and at different molar ratios of PEI per gram of matrix* 
However, all sizes of oligonucleotides and coumarin-labeled oligonucleotides bind to 
magnetic cdlulose and agarose beads whether or not they have been d^vatized with 
PEI (the specificity seen with oligonucleotides on commercially avaiiable PEI matrices 
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is lost when one labels the ojigonucleoddes with coumarin). The addition of high 
concentrations erf salt (2.0 M NaQ) or N-methyl pyirolidone (10 to 20%) partially 
increases the specificity* and other cosolvents such as SDS, Brij 35, guanidine, and 
urea can also be used to increase the specificity of binding. However, 8 M urea 
5 provides efficient blocking of the nonspecific binding of coumarin labeled di- and tri- 
nucleotides to both Bakerbond™ PEI and magnedc Cortex™ PEI derivatized particles, 
although the use of N-substituted ureas may be more piefened. 

As noted above. Cortex Biochem sells a variety of activated cellulose coated 
magnetic particles that can be linked to PEL The most convenient of these is the 

10 peiiodate activated matrix. The protocol recommended by the manufacturer to attach 
amines to the periodate activated matrix, however, has several problems: the reaction of 
an amine with an aldehyde results in imines that are labile and can be hydrolyzed or 
reacted further with amines; during the step to block remaining aldehydes by the 
addition of excess ethanolamine, the FEI can be displaced by ethanolamine, thus 

1 5 removing the PEI from the matrix; during the conjugation reaction under basic 

conditions, aldol condensation can lead to reaction among the aldehyde groups, thereby 
resulting in aggregation of the panicles; and reaction of aldehydes under basic 
conditions may result in free radicals that can attack the cellulose, and participate in a 
variety of reactions. 

20 To stabilize the imine, a reduction step (with NaBH4 and NaBHsCN) can be 

included; however, this step can result in the production of gas, a decrease in the niass 
of the particles, and particle ag^utination. These unwanted effeas may result from the 
production of free radicals. The ccnnpUcations resulting from conjugation to active 
aldehydes may be avoided through the use of epoxide chemistry. The resulting beta- 

25 hydioxyamines are stable and do not require reduction. In addition, because oxygen 
may participate in the generation of fiee radicals, the removal of oxygen from the 
system should minimize free radical formation, especially during the reduction step. In 
one synthesis of PEI derivatized cellulose coated magnetic particles, the ethanolamine 
blocking step was eliminated and the preparation purged overnight with helium prior to 

30 and during reduction with sodium cyanoborohydride. Hiere was littie aggregation in 
the final preparation, 

ft>lyacrolein magnetic particles can be derivatized with both PEI600 and 
ethylene diamine, and the non-specific binding of coumarin labeled di- and 
trinucleotides can be inhibited by high concentrations of NMP. The use of longer 

35 chained PEI polymers may mask nonspecific bacidx>ne interaction with small, 
coumarin labeled oUgonucleotides. 

One in^rtant factor in selecting a magnetic matrix for use in the present 
method is the amount of background fluorescence contributed by the matrix. One 
strategy to minimize this background fluorescence is to select fluotophores with 
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excitation and otussioh maxima that minimally ovCTlap the background fluorescence 
spectra of die buffer, matrix, and clinical samples. In addition, the fluorescent 
background may result from the presence of contaminants in the matrix that might be 
removed by extensive pretreatment prior to binding. 

5 Chenristrv of Attachment nF the Fliiornnhnre to the Pfobe 

As noted above, the prtf erred label for the probe, regardless of separation 
strategy, is a fluoroph0re. There appears to be interaction between the oligonucleotide 
probe and the attached fluorophore. Hiis interaction may be responsible for the 
reported quenching observed when fiuorophores have been attached to 

10 oligonucleotides. Qneshoukisdectfluorophares that niuimially interact wifliDNA 
when attached to the 5'-terminus of a nucleic acid. 

Three preferred fiuorophores are 7-diethylamino-3-(4'-maldmidylphenyl)-4- 
methyl coumarin (CPM), 6-(hromDmethyl)fIuarescan (BMF), LucifCT Yellow 
iodoacetamide (J-YIA), and 5-Cand 6-)carboxy-X-rhodamine succinimidyl ester, with 

1 5 CPM prdfcrred due to several properties: large extinction coefficient, large quantum 

yield, low bleaching, and large Stokes shift. The fluorophore can be attached throu^ a 
thiol attached to the 5*-pho$phate group of the probe, but in the case of CPM, this 
process yields an aiyl maleitnide, which can be unstable under thexmocycUng 
conditions. 

20 A number of commercial instruments arc available ftir analysis of fluorescently 

labeled materials* For instance, the ABI Gene Analyze can be used to analyze attomole 
quantities of DNA tagged with fiuorophores such as ROX (6-carboxy-X-rhodamine), 
rhodamine-NHS, TAMRA (5/6-carboxytettamethyl rhodamine NHS), andFAM (5*- 
carboxyfluorescdn NHS). Tliese compounds are attached to the probe by an amide 

25 bond through a 5 *-alkylamine on the probe. Other useful fluorophares include CNHS 
(7-arnino-4-methyl-coumarin-3-acetic acid, succinimidyl ester), which can also be 
attached through an amide bond. 

Modifications may be necessary in the labeling process to achieve efficient 
attachment of a given fluorophore to a particular oligonucleotide probe. For instance, 

30 the initial reaction between a 5*-amine terminated probe and 7-diethylaminocoumarin-3- 
carboxylate NHS estea: was very inefficient The probe, which had been 
phosphorylated at the S'-erid to prevent extension of the probe during amplification, 
had significant secondary stmcture, one conformation of which placed the 5*-amine and 
the 3 '-phosphate in close enough proximity to form a salt bridge. This stmcture may 

35 have prevented the 5*-amine ftom being available for reacting with the NHS ester, flius 
causing the low yield of product. Addition ci 25% N-methylpyrrolidinone (NMP) 
markedly improved the efficiency of the reaction. 
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One can also use both a flucxropJioie and quenching agent to label the probe. 
When the probe is intact, the fluorescence of the fluorc^hore is quenched by the 
quencher. During the present method, the probe is cleaved between the fluorophore 
and the quencher, allowing full expression of the fluorophore fluorescence. Quenching 
5 involves transfer of energy between the fluorophore and the quencher; the emission 
spectrum of the fluorophore and the absorpdon spectrum of the quencher must ov^lap. 
A preferred combinadon for this aspect of the invention is the fluorophore rhodamine 
590 and the quencher crystal violet. 

One such probe is shown in Figure 13. The synthesis of this construct requires 
1 0 attachment of a rhodamine derivative through a 5*-thioi and the attachment of the crystal 
violet through an amine extending from a thymidine two bases away. The separation of 
the two moiedes by two phosphodiester bonds increases the chances for cleavage by 
the DNA polymerase between them. 

Initial attempts to attach the crystal violet by reaction between a lactone and 
15 amine were unsuccessful. The crystal violet was modified to generate an active acyl 
azide, shown in Figure 14. This form of crystal violet was reacted with araine- 
modified DNA, and the desired product was purified on reverse phase HPLC. 

Attempts to react the rtiodamine-^X-maleimide group with the 5 '-thiol were 
unsuccessful. This was also the case when the rhodamine-X-maleimide was reacted 
20 prior to addition of the crystal violet. This may be because the deblocked S'-thiol reacts 
with the acrylamide double bond in the thymidine spacer aim (see Figure 1 3). An 
alternate method for the addition of an amine to the thymidine is shown in Figure 15. 

This exan^Ie jnovides general guidance for attaching a hiotin to the 3'-end of 
an oligonucleotide probe and a fluorophore to the 5*-end of an oligonucleotide probe. 
25 Those of skili in the art will recognize that a number of methods for such attachments 
are known in the ait and that the jnesent invention is not limited by the particular 
method chosen to label the probe. 

Example 9 

Protrx^ol for Amnli WaxZ^ Mediated PCR witfi UNG and dUTP 
30 The PCR process can be improved with respect to specificity of amplification 

by processes and reagents described more fully in PCT patent application Serial No. 
91A)1039, filed February 15, 1991; U.S. patent application Serial No. 481,501, filed 
Fehraary 16, 1991; PCT patent application Serial No. PCTAJS 91A)5210» filed July 
23, 1991; U.S, patent application Serial No. 609,157, filed November 2, 1990; and 
35 U.S, patent application Serial No, 557,517, filed July 24, 1990- The disclosures of 
these patent applications are incoiporated herein by reference, and the following 
protocol demonstrates how these improved PCR methods can be used in conjunction 
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with the present method for superior results. All leagents can be purchased from 
Perkin-ElmCT Cems Instruments (FECI, Norwalk. CT). 

Hus protocol essentially involves three con^ronents: MicroAmp'iM tubes 
containing dNTPs, primes, magnesium, and Tris that have been covered with wax; 
5 Pranix B to which is added AmpUTaq® DNA Polymexase and UNG (and is therrfore 
called the Enzyme Mixture); and Premix C to which are added the test sample and 
probe. The Enzyme Mixture and test sample with probe are made and added above the 
waxlayer. The mbes are thm placed in a TC9600 thermocycler and theimoc^ 
Hie protocol below assumes a 30 |il reaction, with test samples of no more than 27 pi, 

10 and the target is HIV. 

The reagents are preferably supplied as follows. AficroAmp™ tubes containing 
12- 5 ^i of Premix A and one 12 mg AmpliWax™ PCR pellet per mbe are prepared. 
Premix A contains 1 fiM SK145 primer and 1 SK431 prima: (neither primer is 
biotinyiaied), 800 dATP, 800 jiM dGTP, 800 ]iM dCTP, 800 ^iM dUTP, 15 mM 

15 MgQa, and 10 mM Tris-HQ, pH 8,3. The AmpliWax™ peUet consists of a 55'C- 
melting paraffin (Aldrich Chemical Cd.) containing 0.15% Tween 65, and the wax 
pellet and Premix A bottom lay er are added together in a DNA*ftee room. The wax 
pellet is then melted to fiomi a vaporbarrier on top. This barrier will retain its integrity 
when the tubes are stored at 4 to 25'C. and the PCR reagents below the bauier are 

20 storage stable for months at 4'C. Thme is no mixing of material added above the 

barrio undl the wax is melted during the initial stages of thermal cycling. Control tubes 
are identical but contain no primer. 

Premix B buffer contains 10 mM Trifr-HQ, pH 8.3, and 50 mM KQ and is 
used fior dilution of the enzymes AmpUTaq® DNA polymerase and IING. About 2.6 

25 [Ol of Premix B buffer are used per reaction. 

Premix C buffer is prepared as a IQX concentrate, which contains 105 mM Tris- 
HCl, pH 83, and715 mMKCl and is added to the test DNA sample so that the final 
Tris and KCl concentrations in the final reaction are 10 mM and 50 mM, respectively. 
The probe is also added in this layer, as well as carrier DNA, if any. If plasmid 

30 controls are mn, about 1 Jig of human placental DNA (1 \lgf\il in 10 mM Tris, pH 8, 1 
mM EDTA, and 10 mM NaQ, which has been sheared, phenol/chloroform extracted, 
chlorof crm extracted, and ethanol jnedpitated) per reacticffli is usually added as carrier 
DNA- About 33 |il of die lOX stock of Premix C are added per reaction. 

The probe is prepared as a 5 iXNlsttKdc and designated as IXjW^ Probe 

35 LGlOl C has a 3'-phosphate to prevent extCTsion of the probe and a 7- 

diethylaminocaunciarin-3-carboxyIate attached to a 5'-amino aliphatic group op the 
oligonucleotide by an amide bond. The nucleotide sequence erf the |wobe is shown 
below: 

SEQIDNO: 24 DGIOIC: 5'-GAGACCATCAATGAGGAACKnCCAGAATGGGAT 
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This probe should be stored at -20'C in the daiic. 

AmpIiTaq* DNA polymerase is provided at a stock concentration of 5 U/nl 
ftom PECI, and UNG is provided at a stock concentration of 1 U/pl from the same 
vendor. One can also run plastnid calibration sanqiles, and for this purpose, the 
5 preparation of stock dilutions (copiesftnl) of 300, 1,000; 3*000; 10,000; 30.000; 

100,000; and 1,000,000 witii GeneArapHmer™ Positive Control DNA is helpful. This 
DNA consists of the HIVZ6 genome rearranged to interrupt the eqI region, and so 
block infcctivity, inserted into pIasmidpBR322. 

Each final reaction will consist of 12,5 ^il of Prctnix A; 2,6 jil of Preraix B; 33 
10 jjl of Premix G 2 ^1 of LGlOlCprobc; 27 ^1 of test sample; 0,4 |il of AmpliTaq® 
DNA polymerase; and 2 jil of UNG yielding a final volume of 49.8 pJ. This mixtuie 
comprises 250 nM of each primer, 200 ixM of each dNTP; 3,75 mM MgOa; 50 mm 
KQ, 10 mM TViS'HCl, pH 8.3; 200 nM of probe; 2 units of UNG; and 2 units of 
polymerase. 

15 To run the reaction, one fii^t prepares the Enzyme Mixture in a DNA-£ree hood 

or room by mixings per reaction^ 2.6 \Xl of Premix B buffer, 0,4 |il of AmpliTaq® DNA 
polyn:)erase, and 2 pi of UNG. For every 16 reactions that wUl be ran, one should 
prepare enough Enzyme Mixture for 18 reactions to ensure enough materiaL Hie 
Enzyme Mboure is then added to each MicroAn^™ tube containing wax-covraied 

20 Premix A over the wax in aDNA-firee hood or room. A single sampler tip can suffice 
for aU transfers, and 5 pi of Enzyme Mixture are added to each tube. 

In the sample preparation area, the Sample Mixture is prepared by mixing, per 
reaction, 3.3 |il of lOX Premix C Buffer, 27 of sample (for quantification controls, 
add 10 pi of stock dilution and 17 fil of wat^), and 2 pi of probe (carrier DNA, if any, 

25 is mixed with sample)* Tlien, using a separate samplra^ tip for each transf^, add 32.3 
)il of Sample Mixture to each tube; the volume imbalance between the Enzyme Mixture 
and Sample Mixture assures complete mixing. One should also set up two control 
tubes lacking primers to serve as a measure of probe cleavage resulting fiom themial 
cycling. This control typically contains 1,0(X) cc^ies of control template. In addition, 

30 one should set up a dilution smes of plasncdd to calibrate die assay. This calibration is 
tj^ically in the range of 3 id 10,(KX) copies of HTV target per sample. After the above 
steps are completed, the tubes are capped and assembled into die TC9600 tray. 

The thermal cycler profile is as follows; 1 cycle of 50'C for 2 minutes; 5 cycles 
of 95'C for 10 seconds, 55'C for 10 seconds, and 72'C for 10 seconds; and 35 cycles 

35 of 9Q'C for 10 seconds, 60"C for 10 seconds, and 72*C for 10 seconds. When tiiermal 
cycling is complete, the tubes are removed from the TC9600 and stored at -20*0, if 
necessary. Prolonged soaking of the tubes at above 70*C is not recommended, and 
alkaline denaturation shoukl not be emplc^ed. 



wo 92/02638 



PCr/US91/05571 



38 

A number of contiols are useful, including a no-D&ti^late contiol to deteonine 
contamination of reaction mixtures as well as amplification of nonspecific products that 
may result in probe cleavage and give non^ecific signals; a no-primer control to prove 
a measure of nanamplification related deaveage of the probe that might contribute to 
5 background (one might also include some dinical san^les in the tests to detect the 
presence of components that may result in probe cleavage); and quantitation controls. 

To ranove PCR product ftom beneatti the wax layer that will fbmi afite: 
an^Kficaticm using tlie above proloa>l, one can withdraw sanqile after poking a 
sandier tip through the center of the wax layw, advancing the tip slowly with gentle 

10 pressure to minimize the chance that reaction mixtine will spurt past the tip and 

ccmtaminate the lab. Steadying the sampler with one finger of the hand holding the 
reaction tube greatiy increases control, Slkn (gel-loading) sampler tips penetrate tiie 
wax especially well. A slicing motion rather than a poking motion also facilitated 
penetration and helps to assure that the tip will not be ciogged with wax. If the tip 

15 picks up a piece of wax, the wax can normaliy be dislodged by gentie rubbing against 
the remaining wax. 

One can also fteeze the reaction tubes (e,g., in dry ice ethanot or ovemi^t in a 
fteezer)^ thaw than, and spin briefly in a miCTofuge (angle rotor). Hie wax layw will 
be heavily fractured, allowing sampler insertion wifliout any chance of dogging. Wax 

20 ftagments can be wiped fnmi the samjler tip against the inner waU of the tube* This 
method is especially convauent for positive (fisplacement san^iers, wiiich often have 
tips so thick that direct penetration of the intact wax layer is hard. Either of the above 
methods should exclude wax from the withdrawn sample so completely that chlorof arm 
extraction is unnecessary. 

25 Although the foregoing invention has bera described in some detail for the 

purpose of illustration, it will be obvious that changes and modifications may be 
practiced within the scope of the appended daims by those of ordinary skill in the art. 

Solid Phase Ex traction with Bakerfaondlii PEI 
30 This example provides a protocol for san^jling aPCR mixture in which the 

amplification was carried out in the presence of a fioorescentiy labeled (a coumarin 
derivative) probe according to the method of the present invention. 

*Ilie preparation of certain stock reagents facilitates practice of this protocol. 
One such reagent is Eppoidorf tubes containing 50 mg of pre-washed Bakerbond PEI 
35 matrix. The Bakerbond™ I^I can be obtained from LT. Baker (product No. 7264-00) 
and is a sihca based, 40 \im particle size, 275 angstrom pore size. Hie matrix is 
prepared by washing first with water; then ethanol; then water; and then a mixture of 10 
mMTris, pH 8.3, 50 mM KCl, 1 mM EDTA, 2 MNaQ, and 8 M uiea; and flien 
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equilibrated in 10 wM Tris, pH 8.3, 50 mM KCl, 1 mM EDTA, 500 mM NaQ, and 8 
M urea- Following distribution* 15 pi of water is added to each tube to keep the matrix 
hydrated- The tubes should be stored at 4'C. 

Binding buffer can also be prepared as a stock solution, and the composition is 
5 10 mM Tris, pH 8, 500 mM NaCl, 50 mM KQ, 1 mM EDTA, and 8 M urea. The 
hmding buffer should be sttM:ed at 4*C, although urea may precipitate at this 
temperature* The binding buffra- can be waraied briefly before use to resuspend the 
urea. 

Certain equipment is useful in carrying out this protocol. During the binding 
10 step, the tubes shoukl be mixed to keep the matrix in suspension, and a Vortex Genie 2 
mixer (available from Fischra: Scientific, Cat. No, 12-812, with the 60 miciotube 
holder. Cat, No. 12-8 12-B) is useful for this puipose. In addition, an Eppendorf 
microfugc, an Hitachi Model 2000 spectrofluorometer, and microfluorimetcr quanz 
cuvettes with 2 mm internal width and a 2.5 nam base path length (available ftom Stama 
15 CfcUs, Inc., No, 18F Q 10 mm 5) arc also useful in carrying out this protocol. 

Appropriate controls should also be perforaied, and the binding step requires 
three controls. The control for background fluorescence involves the preparation of a 
sample that contains all components of the PGR amplification except probe. The 
control sainple should be processed identically as the actual test samples in that 20 |il 
20 wiU be added to niatrix and the fluorescence present in the supernatant measured, TTiis 
control provides a way to measure background fluoresoencc present in the matrix, 
binding buffer, and any of the comp<ments in the PCR amplification niixture and also 
provides a measurement of ±e amount of fluorescence present in cUnical samples. 

The second control provides a measurement for inadvertent probe breakdown 
25 and for the landing reaction and consists of a mock PCR amplification mixture that 
contains all of the components including probe but is not subjected to thermal cycling. 
The control sanaple should be processed identically as the actual test samples in that 
20 |j1 will be added to matrix and the fluorescence present in the supmiatant measured. 
This control provides a way to measure the presence of probe breakdown on storage as 
30 well as the rfficiency of AeWnding reaction. If no Imakdown occurred and if the 
binding reaction is oon^lete, the fluorescence of the supernatant following binding to 
the Bakerbond'" PEI should be similar to die background measured in the first control. 

The third control provides a way to measure the input amount of probe. The 
sample prepared for the second control can be used for this measurement. However, in 
35 this case, 20 Ml arc added to a tube containing 290 of binding buffer without matrix. 
This control can be used lo determine the input amount of probe. 

To begin the protocol, one first determines the number of binding tubes 
requked; this number is the sum of test samples and controls. The controls are a no- 
template control, a no-primer control, calibration controls, and the first and second 
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controls discussed above. Controls can be done in triplicate. To each tube, one adds 
235 \xL of binding buffer. 

One also prepares a tube to measure the input by adding to an empty Eppendorf 
tube: 290 \xl of binding buffer, whidi is equivalent to the volume in the tubes with 
5 matrix (235 |il of bmding bufPfix, 15 |il of water, and 40 pi contributed by matrix 
volume). The input amount determination can be done in tr5)licate. 

To the tubes containing matrix (fiie test san^les and first and second controls), 
one adds 20 of sample. To the tubes containing buffer (ifac third control), one adds 
20 |il of mock PGR amplification mixture. The tubes are then shakm on a Vortex 
10 GenieZmixeratasettingof 4atroomtfiii5)CTaturB£or30imnutes. The tubes are then 
centrifuged in an Eppendoif microfuge (16,000 X g) for 5 minutes at room 
temperature. The upper 200 pi of supernatant from each tube is removed without 
disturbing the pellet or matrix present on tfie wall of the tube and placed in a clean 
Eppendorf tube. 

15 Hie fluorescence of the supOTiatant is measured on a Hitachi Model 2000 in the 

cuvettes indicated above. For probes labeled with 7-diethylammo-3 (4*- 
maleimidophenyl)-4-methyl-ooumarin» the spectrafluorameter is set as follows: PM 
voltage is 700 V; the excitation wavelength is 432 nm; the emission wavelength is 480 
nm; the exdtatian sHt width is 10 nm; and the emission slit width is 20 nm. One should 

20 miniiijizeejqjosure of sample to exdtaticm light; if the saniple is lo rCToain in the 

spectrofluoremeta for a prolonged pmod, the shutter should be closed. 

The number of pmoles of joobe cleaved is the most ocmvenient way of 

assessing the amount of signal. To assess the amount of signal, then, one first 

detemiines the input signal fiom the third control by the following calculation: 
25 fPluorescence Signal of 'Piirf Coaup T -Flnoreiscenflft 5;ignal nf Pirat Cotitron x f310/2m 

10 pmoles 

In this fimmula, the subtraction corrects for any background fluorescence in the test 
sample; 310^ is the dilution factor; and 10 pmoles is the amount of probe added to the 
PGR amplifications, 

30 The amount of test sample signal is calculated by the fbiiowing formula: 

Fluorescence Sisnai of Test Sample - Fluofescen cft Sipnal of First Contron x 310/20 

Input Signal 

The above protocol can be modified according to the particular fiuorophore used to 
label the probe and is merely illustrative of the invention* 
35 Figure 16 shows typical results and relation of signal to input target number ft>r 

the present method using Bakerbond™ PEl solid phase exiractant 
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Sequence Lisrinf 

GENERAL INFORMATION: 

(i) APPLICANT: Cetus ^ al- 

(ii) TITLE OF INVENTION: Homogeneous Assay System 

(iii) NUMBER OF SEQUENCES: 24 

(iv) CORRESPONDENCE ADDRESS; 

(A) ADDRESSEE: Cetus Corporation 

(B) STREET: 1400 Fifty-Third Street 

(C) CITY: Emeryville 
CD) STATE: California 
(E) COUNTRY: U,S,A. 
<F) ZIP: 94608 

<vj COMPUTER READABLE FORM: 

<A) MEDIUM TYPE: Diskette, 3.50 inch, 800 Kb storage 

(B) COMPUTER; Apple Macintosh 

(C) OPERATING SYSTEM: Macintosh 6,0*5 
CD) SOFTWARE: WordPerfect 

(vi> CXJRRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: August S, 1991 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 363,758 

(B) FILING DATE: August 6, 1990 

(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME; Kevin R. Kaster 

CB) REGISTRATION NUMBER: 32,704 

(C) REFERENCE/DOCKET NUMBER: 2528.1 
Cix) TELECOMMUNICATION INFORMATION; 

(A) TELEPHONE: (415) 420-3444 

(B) TELEFAX: C415) 658-5470 
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(2) INFOFMATION FOR SEQ ID WO: 1: 

(I) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 bases 

(B) TYPE; nucleic acid 

5 CO STRAKDEDNESS; single 

(D) TOPOLOGY; linear 

(II) MOLECULE TYPE: Other Nucleic Acid 
(xi) SEQXJENCE DESCRIPTION: SEQ ID NO; 1: 

CCGATAGTTT GAGTTCTTCT ACTCAGGC 28 
10 (2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 
15 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 
(ati) SEQUENCE DESCRIPTION: SEQ ID WO: 2: 

GAAGAAAGCG AAAGGAGCGG GCGCTAGGGC 30 
(2) INFORMATION FOR SEQ ID NO; 3: 
20 (i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 31 bases 

(B) TYPE: nucleic acid 
CO STRANDEDNESS: single 
CD) TOPOLOGY: linear 

25 (ii) MOLECULE TYPE: Other Nucleic Acid 

Cxi) SEQUENCE DESCRIPTION: SEQ ID NO; 3: 
CGCTGCGCGT AACCACCACA CCCGCCGCGC X 31 
C2) INFORMATION FOR SEQ ID NO: 4; 

Ci) SEQUENCE CHARACTERISTICS: 
30 (A) LENGTH; 37 bases 

CB) TYPE: nucleic acid 
CO STRANDEDNESS: single 
CD) TOPOLOGY: linear 
(ii) MOLECULE TYPE: Other Nucleic Acid 
35 (xi) SEQUENCE DESCRIPTION: SEQ ID NO; 4: 

GATCGCTGCG CGTAACCACC ACACCCGCCG CCGCGCX 37 
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C2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 41 bases 

(B) TYPE: nucleic acid 
5 (C) STRANDEDNESS : single 

(D) TOPOLOGY; linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5 

CGTCACCGAT CGCTGCGCGT AACCACCACA CCCGCCGCGC X 
10 (2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 
<A) LENGTH: 25 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
<D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 
(xi) SEQUENCE DESCRIPTION; SEQ ID NO: 6: 

GATGAGTTCG TGTCCGTACA ACTGG 
(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 25 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY; linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

GGTTATCGAA ATCAGCCACA GCGCC 
(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 
30 (A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 
(CJ STRANDEDNESS : single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE; Other Nucleic Acid 
35 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: S: 

CGCTGCGCGT AACCACCACA CCCGCCGCGC 



20 



25 
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C2) lETFOElMATION FOR SEQ ID NO : 9 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) IiENGTH: 33 bases 

(B) TYPE: nucleic acid 

5 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Mucleic Acid 
(xi) SEQUENCE DESCRIPTION: SEQ XD NO: 9: 

GATCGCTGCG CGTAACCACC ACACCCGCCG CGG 33 
10 C2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS; 

<A> LENGTH: 40 bases 
<B> TYPE: nucleic acid 
<C) STRANDEDNESS: single 
15 (D) TOPOLOGY: linear 

Cii) MOLECULE TYPE: Other Nucleic Acid 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
CGTCACCGAT CGCTGGGCGT AACCACCACA CCCGCCGCGC 40 
(2) INFORMATION FOR SEQ ID NO: 11: 
20 {i> SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 30 bases 

(B) TYPE; nucleic acid 

(C) STRAE3DEDNESS: single 

(D) TOPOLOGY: linear 

25 (ii) MOLECULE TYPE: Other Nucleic Acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO; 11: 
GCGCTAGGGC GCTGGCAAGT GTAGCGGTCA 30 
(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 
30 (A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 
35 (ad.) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

GGCGCTAGGG CGCTGGCAAG TGTAGCGGTC 30 
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(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 bases 
<B) TYPE: nucleic acid 
5 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13 

GGGCGCTAGG GCGCTGGCAA GTGTAGCGGT 
10 (2 J INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
15 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 
{xij SEQUENCE DESCRIPTION: SEQ ID NO: 14 ^ 

AGCGGGCGCT AGGGCGCTGG CAAGTGTAGC 
(2) INFORMATION FOR SEQ ID NO; 15: 
20 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 
fC) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

25 Cii) MOLECULE TYPE: Other Nucleic Acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15; 
AAAGGAGCGG GCGCTAGGGC GCTGGCAAGT 
(2) INFORMATION FOR SEQ ID NO: 16; 

(i) SEQUENCE CHARACTERISTICS: 
30 (A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE ^ Other Nucleic Acid 
35 (xij SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

GAAGAAAGCG AAAGGAGCGG GCGCTAGGGC 
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(2) INFORMATION FOR SEQ ID NO: 17 ; 

(i) SEQUENCE CHARACTERISTICS; 

(A) I*ENGTH: 30 bases 

(B) TYPE; nucleic acid 

5 (C) STRANDEDNESS ; single 

{DJ TOPOLOGY: linear 

(ii) MOLECUIiE TYPE: Other Nucleic Acid 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 

CGGCCAACGC GCGGGGAGAG GCGGTTTGCG 30 
10 i2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
15 <D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 
(xi) SEQUENCE DESCRIPTION; SEQ ID NO: 18: 

TATCCCGCCG CGCTTAATGC GCCGCTACA 29 
C2) INFORMATION FOR SEQ ID NO: 19: 
20 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 bases 

(B) TYPE: nucleic acid 
CO STRANDEDNESS: single 

(D) TOPOLOGY: linear 

25 (ii) MOLECULE TYPE: Other Nucleic Acid 

<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19; 
GCATTAATGC GCCGCTACAG GGCGCGTACT ATGG 34 
(2) -INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS: 
30 <A) LENGTH: 33 bases 

{B) TYPE: nucleic acid 

(C) STRANDEDNESS; single 
CD) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 
35 (Ki) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 

GAGACCATCA ATGAGGAAGC TGCAfiAATGG GA-T 33 
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(2) INFORMATION FOR SEQ ID NO: 21: 

(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 36 bases 

(B) TYPE: nucleic acid 

5 <C) STRANDEDNESS: single 

(D) TOPOLOGY; linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21; 

GTGGAGACCA TCAATGAGGA A6CTGCAGAA TGGGAT 36 
10 (2) INFORMATION FOR SEQ ID NO: 22; 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 30 basea 
<B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
15 (D) TOPOLOGY: linear 

fii) MOLECULE TYPE: Other Nucleic Acid 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22; 
AGTGGGGGGA CATCAAGCAG CCATGCAAAT 30 
(2) INFORMATION FOR SEQ ID NO; 23: 
20 (i) SEQUENCE CHARACTERISTICS: 

{A) LENGTH; 27 bases 
fB) TYPE; nucleic acid 
(C) STRANDEDNESS: single 
<DJ TOPOLOGY: linear 
25 (ii) MOLECULE TYPE: Other Nucleic Acid 

<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23; 
TGCTATGTCA GTTCCCCTTG GTTCTCT 27 
(2) INFORMATION FOR SEQ ID NO: 24: 

(i) SEQUENCE CHARACTERISTICS: 
30 (A) LENGTH: 33 bases 

{B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 
35 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24: 

GAGACCATCA ATGAGGAAGC TGCAGAATGG GAT 33 
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Weaaim 

1. A process fijr the detecdcm of a target nucleic add sequence in a sample, 
said process comprising: 

(a) contacting a sarnple coirq]erising singl&'Stranded nucleic acids with an 

5 oligonucleotide containing a sequence complementary to a region of the target nucleic 
acid and a labeled oligonucleotide ccmtaimng a sequence complementary to a second 
region of the same target nucleic acid sequence strand, but not iucluding the nucleic acid 
sequence defined by the first oJigonucleotide, to create a mixture of duplexes during 
hybridization conditions, wherein the duplexes comprise the target nucleic add 
10 annealed to the first oligonucleotide and to the labeled oligonucleotide such that the 3' 
end of the first oligonucleotide is adjacent to the 5* end of the labded oligonucleotide; 

(b) maintaining the mixture of step (a) with a tanpiate-dependent nucldc add 
pcdymcrase having a 5' to 3' nuclease activity under conditions sufficient to permit the 
5' to 3* nuclease activity of the polyrnCTase to deave the armealed, labded 

1 5 oligonucleotide and release labded fragments; and 

(c) detecting and/or measuring the release of labeled fragments. 

2. The process of claim 1 wherein the 3' end of the first oligonucleotide in 
the annealed duplex of step (a) is adjacent the 5" end of an annealed, labded 

20 oligonucleotide, having spacing effective to permit the release of labeled fiugments in 
the absence of nuddc add polymerization, 

3 . The process of claim 1 wherdn the oligonucleotides comprise 
deoxyribonucleotides, 

25 

4< Theprocess of claim 1 wherdn the nuddc add polymerase is aDNA 
polymerase having a 5' to 3' nuclease activity. 

5 . The process of daim 1 whwein a nucleotide within the labded 
30 oligonucleotide is modified to control nuclease deavage spedfidty. 

6 . The process of claim 1 wherein said labded oligonucleotide ccwiiprises at 
least one label 

35 7 , The process of claim I whodn the labeled oligonudeotide comprises Gist 

and second labds wherein the first labd is separated fiorn the second label by p 
nuclease suscqsuble cleavage site. 
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8 . The process of claim 6 wheicm the labeled oligonucleotide is labeled at the 
5' terminus, 

9 . The process of claim 7 wherein the labeled oligonucleotide further 
5 comprises a tail of non-nucleic adds or a sequence of nucleotides which is 

Ron-complementaiy to the target nucleic acid sequence* 

10. The process of claim 9 wherein the label is attached to a nucleotide in the 
tail or non-complementary sequence, 

10 

1 L The process of claim 10 whwein the label is at the 5' temiinus and is 
separated from the sequence coniplementary to the target nucleic acid sequence by the 
tail or non-complementary sequence. 

15 12. The process of claim 1 performed under conditions sufficient to promote 

nucleic acid polymOTzarion, wherein the release of labeled fragments occurs during 
extension of the first oligonucleotide. 

13, A polymraasc chain reaction (PGR) amplificaticHi process for detecting a 
20 target nucleic acid sequmce in a sample, said process con^iising: 

(a) providing to a PGR assay containing said sample, at least one labeled 
oligonucleotide containing a sequence complementary to a region of the target nucleic 
add, wherein said labeled oligonucleotide anneals within the target nucleic acid 
sequence bounded by the oligonucleotide primras of step (b); 
^5 (b) providing a set of oligonucleotide primers, wherein a first primer contains 

a sequence complementary to a region in one strand of the target nudeic add sequence 
and primes the syntficsis of a complenraitary DNA strand, and a second primer 
contains a sequence complementary to a region in a second strand of die target nucleic 
add sequence and primes flie synthesis of a complementary DNA strand; and wherein 
30 each oligonucleotide primer is selected to anneal xo its complementary tanplate 
upstream erf any labeled oligonucleotide annealed to tiie same nudeic add strand; 



1 
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(c> amplifying the target nucleic add sequence employing a nucleic acid 
polymerase having 5' to 3' nuclease activity as a tenaplate^dq>endent polymeiiring 
agent under conditions which are pemrissive for PCR cycling steps of (i) annealing of 
primers and labeled oligonucleotide to a tonpiate nncldc acid sequence contained 
5 within the target sequence, and (ii) extending the primer wherein said nucleic acid 
polymerase synthesizes a primer extension product while the 5' to 3* nuclease activity 
of the nucleic add polymerase simultaneously releases labeled ftagments from the 
annealed duplexes oMiqirising labeled oligonucleotide and its complementary ten^plate 
nudeic add sequences^ thereby creating detectable labeled ftagmmts; and 
10 (d) detecting and/or measuring the rdease of labeled fragments to detemnne 

the presence or absence of the target sequence in the sample. 

14. The PCR process of claim 13 whroein said nucleic add polymerase is a 
thermostable enzyme. 

15 

15. The PCR process of claim 14 whraem said feermostable enzyme is the 
DNA polymerase from a Thcrmus spedes. 

16. TliePOlprDCessaf claim 13 whffl^theS'endof anarmeaied 

20 oligonucleotide primer is adjacent the 5' end of the labeled oligonucleotide annealed to 
die samenucldc add strand. 

17. The PCR process of claim 16 wherein said labeled oU^ucleotide has a 
blocked 3' leitninus to prevent extension by the nucldc add polymerase. 

25 

1 8 . The PCR process of clahn 16 whodn the labeled oligonucleotide further 
comprises a sequence of one to about ten nucleotides which sequence is substantially 
non-complementary to the target nucleic add sequence. 

30 19. The PCR process of claim 13 whCTein the labeled oligonucleotide 

contprises first and second labels wherein the first label is separated flxm liie second 
label by a nudease susceptible deavage site. 

20, The PCR process of claim 13 wherein a pair of labeled oligonudeotides 
35 probes are provided in step (a). 
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21 . TTie PGR process of claim 20 wherein said pair of labeled probes anneal to 
different, non-overlapping regions of the same complementary nucleic add strand, 
wherein the 5' end of the second labeled probe is adjacent lo the 3' end of die first 
labeled probe. 

5 

22. The PGR process of claim 18 whaiein die label is attached to a nucleotide 
in the non-complementary sequence. 

23. The PGR process of claim 22 wherein the label is at the 5' temiinus andis 
10 sepaiatfid from the oomplementaiy probe sequence by the non-ccnnplcmentary 

sequence. 

24. The PGR process of claim 13 wherein the oiigonucleotide is labeled at the 
5' terminus. 

15 

25. The PGR process of claim 17 whoeui the oligonucleotide is labeled at the 
blocked 3' terminus. 

26. The PCR process of claim 13 wherein the label is attached to an intaual 
20 sequence of the oligonucleotide* 

27. The PCR process of claim 13 wheiein the label provides a signal 
prpportianal to the number of target nucleic acid sequences amplified. 

25 28. ThePCK^ittDcessofclaim 13whemnthelabelisadeoxyribOT 

analog having signal-gcncrating properties, 

29. The PCR process crfclaim 13 wfaCTcin the labeled oUgimucl^^ 
ccmpriscs a pair of interactive signal-generating labels effectively positioned on the 

30 oligonucleotide to quencdi the generation of detectable signal, said labels bdng 

separated by a site wi±in the oligonucla>tide susceptible to nuclease cleavage* thereby 
aUowing, during primer extension, the 5' to 3* nuclease activity of die nucleic acid 
polymerase to separate the first interactive signal-generating label from the second 
interactive signai-gcncraiing label by cleaving at the susceptible site Aereby yielding a 

35 detectable signal. 

30. The PCR process of clahn 29 wherein said first label is a 
chemiluminescent substrate and said second label is a fluoiophore which interacts 
therewith. 
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31. The PGR process of daim 13 whCTcin the label of said oligonucleotide is 
attached through a spacer arm of sufiicient length to permit the 5' to 3' nuclease activiiy 
of the nucleic acid polymerase to release labeled fragments. 

5 

32. The PGR process of claim 13 wherein the melting temperature (Tm) 
differential between the labeled oligonucleotide and its' associated upstream 
oEgonucfeotide pimer is effective to provide preferential bmding of the labeled 
oligonucleotide during the annealing step of PCR cycles. 

10 

33. The PCR process of daim 32 wherein the Tm of the labeled 
oligonucleotide is as great as 40**C higher than the Tjn of the upstream oligonucleotide 
primer. 

15 34. The PCR process ofclaim 13 wherein the labeled oligonucleotide 

fragments comprise a mixture of mono-, di- and larger nucleotide fragments. 

35 . The PCR process of claim 13 which further comprises separating labeled 
oligonucleotide fragments from other components in the PCR mixture prior to detection 

20 of labeled fragments. 

36. The PCR process of claim 35 wherdn the separation step uses size 
exclusion chromatography. 

25 37. The PGR process of claim 35 wherein ifae labeled fiagmmts are separated 

finm the PCR mixture by solid phase extraction. 



30 



38. The PCR process of 37 wherein avidin or stteptavidin is attached to the 
solid phase and the labeled oligonucleotide further comprises a bound biotm molecule 
sq>aiated from the label by a nuclease susceptible cleavage site. 
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